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(57)Abstract: 

PROBLEM TO BE SOLVED: To quickly and precisely 
inspect a defect such as a very small contaminant by 
calculating dispersion based on signals in a portion with 
the same circuit patterns formed or in its vicinity, and by 
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extracting a signal indicating the defect such as the very small contaminant out of detected 
signals based on a threshold set on the basis of a result calculated hereinbefore. 
SOLUTION: An illumination optical system 100 having a laser beam 101, lenses 102-104, a 
beam splitter and the like has a precdribed inclination with respect to a main straight line 
group of a circuit pattern, and an inspected objective substrate 1 is irradiated subtantially 
prthogonally to a traveling direction of a substrate mounting table 304 for mounting the 
objective substrate 1. An inspecting optical system 200 detects reflected scattered light 
provided by a defect such as a contaminant existing on the substrate 1, using image sensors 
205, 206 through lenses 201 , 203 and a beam aplitter 204, to feed signals to a processing 
circuit 400. A threshold as a determination reference is set in a defect determining process in 
the circuit 400 based on a dispersion of the resulting signals, and the signal indicating the 
jdefect such as the contaminant is extracted, based on the set threshold. 
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*&ft?h&r^mb &rthmmm&b zmttzz 
b imib •t&m&mmx'hh. 

[0016]*^. *HBB{i x «ft«M3BrSH»K^i 

mifimtztdzffikmmnmmizftLxmmm 

mmiizM-tzmms mm*-t hm^mkb i^-rt 
mmm^b zmtizzb zmibi-z>>m&miiWX' 

mmtuzwrn^Mimmmizn txftzmm-m 

Bjm?%b. m&mmifr j 

vx'%%Lxwmmmz$mLxmiii? 

b. mam** nmrn-im^mmnzmhrm 

m^fszitx&txw^hm&m&mbm 

mmm&tfsoz x ixmfcztu-znzm&zmz. 
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13 

xm&mwmut zmttzz t zmit-thm 

*-i?±vv?^Lxmm^\£m Lxma-m 

^mzx^xm^tifzxm^^ xizm txmfcmm 
$^tmjmmm£^®tmi!mmmg.^mzx 10 
->x&%ztitzm%&£*miz. mwiiii%&m*t>® 
ft2iitmmmzMLxm<vtt*wfcfm!iii* 
Kt£*ru mmm^mxim'rhmmm^ 
t zmitzzb zmLb-$-ixm&mmx-t>&. 
t o o 1 7 ] wkMvm-mvtvm 
mi^&tvfcmmtmcomizM ixmmm 

ztvtmnw xiz&ixwmmK^mimzti 20 

^mt^m^timmm^zMLx>m-ti>mm>^ 
mut Zfctfzz. t £<mt-t&xmkm£WX'b&. 
iK. *mnt. XT—is±.izm;$ti. imcoimm 
-^mmmiimmzftfzmmmwMmizftL 
x%zmfr&mw&&tmffltimtmti)*t><DK 
%m a*--;* y*rx"gnt Lxwm^\zym Lxm 

mtk&mm^m>zixtmm.ni,zn ltw^s 
mmzmm&zmi&hm&mtt-mim 30 
mut . we, memmmi±<oyt^mimti 
tzMzmsmift^&tmzixz^wmmimt z 

[ooi8i*fc. *mi\t. mmmti&gimzm 
hm^mmm^mmmmmsLmxmm-h z 

iznixmm?&mm&3ikt. ss©t*»^ 
m^zmm$m^m:'%%:ixm^iz3mixm 
sttzmsmikt. ms^m^m-m.^vtzmn^ 

&?&jw->ffi®z<§s)ibxiiij}i-z>^mG-t&mm 

s. tn. *mm. tm?xmm3m.iz)ii?m&!& 
wMco^mz&^x, mjj2ti&^?->mm\ mm. 

t. ttz. *miii. m&ttmmmizftLxm 

ftmmmx'gxixm^izg&ixmiiitmiiift 
<&kt. m&%&%x-&ibi,fzm^z>mixxf&<D 
muKfrmmi. zmftztitzmm^wu 50 
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£X&co±$ £ J: 0 izmE L . ZcrymiEZtlfzX 

ffitizXMmmwx'&z. 
1 0 0 1 9 ] tn. *m\a. mmmti&mwiz&v 
s^&fcfcwc. xMm^isoumjE*. mm 
tiz\i®mmm<r)%Mtm<r>7-f£m^xfT%o 
ztzmittz. ztz. *mm. mixmmz&w 
izm&mm&mz&^x. mrnxuvh^-A^t 
j&tLx. mmm^tam^ti^-^. mmm 
mmm.±.izmhmtamanznix. mkftmmo 
m&^mmmx'(?>fk2&mwmm£ti-i#<7x 
timk%bm.m*m-h x oize&lxxv ? h« 
#vxt-j>%%zm%&%zii-t?>zbi¥fmk-r 
h. *tz. *mit. mmmmimiziiv&mm 

mm&miz*fLx. wmtamm<o^^(ommiz 
m-h&ftm®mm.%<?>m&(?>ikffo . 4 6~o. 7 
3 erne* & x 0 \,zmm&ffi&<7>m**&k^&m 

XXV -y hVi#VAt'-2>mi£m%&m£li-tZ>Z 

tzmit-t&. ttz. msizmm&iwiz 
tz. *mm. mixmmimiz&^x. 

[0020] mmm ttix 0 iriefitfigicjfur . 

kwm&t&m&ttgmLizicfLx. wh%wm<r> 
%M£nmx\ -mmz®&?h z t 1 . 
ttz, tmmmzxtm . a^co^fli^^, 05^.^1^ 

fWL. 0. l^mSSiaT^ffi^/J^S^^)^^ 

tz. nemmzxtat* mtttv— mm^mzti 
z/fvxv-i.micDHtMzmimmv. L^msst 
^mzH^xmnj^mtihizm-yXMTFimr^-h 
£&^xmEtmMmte<vmxmmofmmzt5v& 

BBJ£*M£fKMU 0. 1 ttmnmXTffMWV^mi 

tfzxfm^saxx/^^m^im-tb z t iz$> 
h. ttz. mmmzxtm. mm&tm£Wi±t,zm\ 
ztvtzffimft<v&m®&'*?~ ymsiizitbitxmg. 
gmxht i*\,mw\,zwm%:imizmfeLX)m 

■f&ZttfX'^h. 

[0021]**:. ffiEfilJSt XtM . «^3tW^S« 

uzm2tirz®mtm&m®ft'V-yM®izt5^ 
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1 5 

®j*?->m®iz&^xtti-&mmcoxm)V4 x 
hXoi/z ixmmexmz h 

[0022] 

imv&mcmmi *mm&mifccmm mm io 

•fhwmmm i fcowcesi a xvm2 tm^xn 
wth . mm<nm*m&hmgmm>i 1 1 ix 

a 3i£l%fe<7)m$X'2dtt£mPlLt:?mftV^\l a 
* { *>6. *LT. jXt'JLS lfrt>%&1-vTl aa£ 
ikLTXt'J-b/l^^labfc. f3-^3y 
ho-;HHS5^7!,>f>^i,^ffllliS5^i act. ^-Wffi 
CO^JS 1 a d fc#J&££i"lT^6. 'J*/HS«< 1 a 
b«. S/MSI§#mfcfO. 1-0. 20 

'J*/l^-y£2^tfflI0im=II?!]LT (HOSL 
T)mLTV^. U>»L&*<£>. ^fflHISS^lac 
ti. ft/H£(f* { 0|;tfcJ:O. 2~0. 4/(mggW^- 

>*2x^mmwzmmtix^^m*)Mu* 
?->xBfgLZiix^&. zcomommtix 
wt. mix. #>T<>?jiyTffl& (&mmmz. 
ifioum*-yw&x\ >*?-y%uz&^) #b 

coo23] mmwxf&ttim-zmmtmt 1 1 

L"t(i. 02t^"tJ:d{C. V-fny^cOLSI*^ 30 

hi-yri b a mfcrtmmx'2ttjtizm\Lti*m& 

6^-yTlbatt. ±t LXUzsXfmmmbbt. 

**v&m®ibct. cpuar&mmbdt. x 
mmfflaubetxBiS&iix^s,. 02 a. 
xtv&mmbct. cpuar&mmbdt. x 
mij&m ibet ommmmiz* i><r>xb 
vvx?mkmbbii£{}*v)w&mbc 

li. fi'MIQItfO. 1-0. 3vmW£W-y&2 

mt\,zmm\,zwft\,x (tioigLT) t^uc^s. 40 
cpu arum® 1 b d&xvxtbjjism® ibeti 

ft/MSISa*0. 1-0. 3jumigW-yj#gO 

■tzmmtmi 1 *mm^zm.k lx t . 
i-yTH8mmizRmztix^&i)\ 1- -vrmza^x 

t>tlh. 

[0024] *%BB^i,Mti^xiiise^at5 it/ 
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imww-y) frt>vo&\mfti:. mi 2nxx/m 

2ifc^J:3fc*^yX^A$t®2 0a. 2 Oct 

Aits-fr^v^ dt-rs tmzimmu^-ym® 
±iizttEthmm<7)mAz£^xkihmR*'£it 
■r t z t iz k^xmt^nxffifr^mmrm&TZ h ± 

li, ±IBtt«aEM^«JlT«> Sm^&v^o-feX 
-?S#£tfciLTi>. ZvM^^zKlxmme) 

mzMft-tzteibommzmz^&zktzx^xm 

[0025] &tc. ^miiz&hmmnxmmc&m 
<oss 1 <^nift<o?g®&03 1> &xm4 zm^xmwt 

f£S&304. xyzXf-y'30 1, 302. 303 
itfXx-^'ri y h o~y 3 0 5 fr^mtfLZtiZXy- 
-y'33 0 0t. l/-f3Bil0 1, mWyXl 02fc 
JtfAUyXl 0 3 J: 0««Sir.l>t-i».X7-'J 
fcitXnitftiiD^^oBgBHWyXl 04 J: *)m&Zti& 

3o«j^*a5 1 o o t . mmuyx2 oi.ms 

7OV9 202. *g«W-yX2 0 3. ND (Neutral De 
nsity) 7-<;^2 0 7. b'-AXTU v f-2 0 4 , 

«3i£« : ?2 08. td i-fey-tfifm&Ta&ass (-f^< 

-^-feyi?-) 2 0 5, 20 6£*)®!$.Zhl&iii%&% 
&20 0k. 04t^-Tid(CA/D^«ia{4Ol. M 
i.{f^-y 7ffiM&?>*?~yim *)&tlh Ztfrt>l 
f-yT^SS§-fri.T-^^ ; Ey4 0 2. ^ y-mpM 

^comzt z^frxmrnm o 3 , i- -,rm<rmm* 
-^mv&th*^)404^ mm^iztsv&mnx*^ 

Sra^-r&2««s[a}iiis84 0 9, ssr«^-ri,«»ai 
@S84 1 0 . \iS.t>^% zm>hiz.#>wyw yfim 
nS:«ai-rstHBiiii»4 1 1 . ±.m>\%M® OEmm 

m JStB0S54 1 2. TffiflSgSS* (ftflSUffi) MtHm 

S&4 13. it«iHis&4 14. 415. mm?>zm%& 
tasLZim-tz trnzmmm^ta^-thta^m 
417 x*) m&2tiz>mmwm&4 o o k . afet® 1 
0 6. mm^yxi o 7 i m&zix&&&mfflm 

m5 0 0kl,zJ:t)ffi&LZti&. ^f(c. TDimtL 

h. 

[0026] %t$, mnwmm 0 oiz^wxu. mx 



17 



20 



frmmv yxi 0 4$-)Mlt. 05 tc^-r i 3 

fcX U i YW) t'-A 3 &¥Bft£ 3^T(6j 1 0 , 11, 
1 2*><oi!ffi&3 0 4±fcfSBS;h/c<7X/N 

mm. ) i fc» tr±£^ y * t*-A 3 

-y TWEHffl&lfclSl < i 3 J: 5 fflJSS 

j«i^«B«)«aEtSBifl:*ieBLfcfc«>'c 
j>&. m*>. m5<zmtioiz. xxf-y3oi<^ 10 

5lE*|6l<OxS-l6liJ XVyXT-i/3 0 2 tf);felE2r|6KOy 

jsrrtfcrtJtt f - » zmm lj^xa 1 ±tcHgBj§n 

St'-A3<i. yXr-^'3 0 2c7)^4^|plyfc«<, 
-eoSlI*|6lx ( xXt-^'3 0 1^4*16]) fcJi^ 
XiJvh t-AT»W4 . * LT » :w II -y h#?> 
t'-A3lt y^fttli. 3tScoWfe^-r&J:dt. 

3#|6j 10. IK 1 2*^<OX >J >y Mfc7)t'- 
A3c0filBJ{i. «Mfcfr->-CfcJ:v*U i^2^|6jl 
0. 12$>6(iRltt:??o?t>J:». tl^t^'Jy 
h«(0h'-A3O*#*l»lSr. >7xy\ ( 
«) l{C*rLTf->yT£7)E?lW|in(Cl6lft. JL^yXx- 
^'3 0 2<D^a*|6lytCJtLTttftfct^«. TD I 
*yif2 0 5. 2 0 6 m.'jt-HMhx^-^aym^ 
k £¥fT fcfilo:: t S J -3 LT , 0 1 4 fc^-T 
idfc. MSWTD I^y^ffl^^ id 

L^iHfiiffi-tO^-yTmiK^fS^b-rs.lfc 

Xdiz ttz. Hfc . 1 0 fc J;tf 1 2 *>£><ox y y J- 
«c0b'-A3OHgBg-C\ »7X/n (SH&iEStgSfflg) It* 

x 2 + y 2 = (ztanfll) 2 
a*:. 08fcScfiM24U:. l^Srll^tcB^. mft 

(x-z t an<92) 2 + y 2 = ( z 
P3«U>X10 4^j£^j£|J x i^TSL^ 

Lit. PMHH*qir*-*sfc. KkU£r?xi-v?i$i: 
ffiL&tsmf$mm. Sy^t^^ttznmmizify 
xmfczm. m.*fmzit&ijwmx%ftfcX'Z 40 
s. 

[0029] *&BjrctJ s ^<?)H«^yXl 0 4 
Ty*|6j^yr-f^K x^iSjny^-h^M^IBi 
l/O^S. •?-tf>£#>tf)fSfj££09 (a) . (b) fc* 

-r. i/— rateMi 0 u^itaju^i, mi^xi 0 

2. flv'yxi 0 3fr&^&k6t-Ax*x»tvr 

st^-l-t. nmuyxio4i,zmth. wmuyxi 

04T-a. x#ftfc{ivyX^£ft;fc&vvitft=iy* 

-hSii*»niiHs*i4. ±tznmvyx\oA<m 
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1 8 

♦ttLT^-yr^EWSriaitcfitt. ioy^f-y'302 
mmmz$nmwi' >xio4 ifimttch. 

[0027] 06KR^K^BIBfluyXl 04Sr* 

■f. z<nm^yx\ 04«. vyyny^/i-uyxo 
m-fi^mx\ gjmmm**). mmmzznm 
tmm:$zi.tz\s>xx'hh. zcommzx<o. 06t 
^■tx o izm>frt>mBM ( a 1 , 1 zm±) l 

Xi>. yUmzm^. x^risitcny^-b^^x 
V*>hW>t'-A3Tfflm-&ZkiJ s X'Z&. W*>. Z 
(OPSBBUyXi 0 4tc:J:0. 09 (a) (^-Tid^x 

1=4 5&m(?mizm 
mthzktfx-th. mzm9 (a) tc^iat. x 

'J >y h«i0h*-A 3 £ ^^iZ^WtiZ-ti> Z k (C«t o 
iS^ritSlSPfr'x^ifijfcitXy^^rfiiv^lHl^N- 

2fcioTSIft-r6£i:#T#S£fcfc&6. <Kfc, P3 
filftll^oBgHgvyxi 0 4<OfBt*ffifc^v^T. 0 
7*5^:1X085:^^198^-1.. ZnVmwXlOA 

tfyxm^izmwzttmzLx. mfeo&mm& 

tSPFfflO V >XZW *) as LXftfc? h ZkWX%h* 
XmK'&WkZti&meiz^LtzUyXcrymilt. * 
*HHT'=Sr<. 08t^L3ti-5^ftH2 4TWS^ 
X'hh. LfrL%tft>. H8t*LfcftfW4, HHk^T 
=5rv^i6. jg<.Ifc#ltUtf:tf>. 07t*L^P]«l2 
3T'jS«KL-C^-S.. N. A. #0. 0 2*»^> 

0. 2SKcowyXTJ>ntf. ±**£&m*%\\ 

[0028] 07 iz^-mm 3m<7)jma. s^srii 
wftSr^ i k-rst . mz*t (ai > 

(iSU) 



30 



tan(?2) 2 



<&2) 



Ay*|6jTJi, P3«W>'Xl04coft$tJ:"9 , >xy\l± 

[0030] 01Oli. U—f^aSlOlkLT. —o 
<9P- T3tSl 0 lT««L/v:3oc7)HgHa*^^l 0 

0 ^^r^ffi0Tfts . u-iTjts i o i n^tamLtz 

U-?\i-A$:J\-y $7-m<V4ffizf(f¥mmi 1 OT 
2^>W3tSSt^HSL. -}fttS7-l 11.11 2T*K 
»$-l*:T5 5-l 1 3X'T1Hz^xm)yyXl 0 2lz 
Alt§*S i t iz X T 1 1 ^|6]*^<7)?SHBt'-A5: 

1 1 4^fcii?ry-!>. g^i"S^S*l 1 4T'#il£Six 
^-^T«. 5 7-11 5T'Rit§-»i:T57-l 1 7XT 

mzmxmuyxio2izm^-ttzkizx-yxi 
on*ftfrt>(r>Bmit'-j*m&zktfX'Z. Wjizs. 

5-1 1 6X'T1jizmfXm]yyXl 0 2fc7J»3*4 
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ZtizX^Xl 0(OU[tlfrL><om i Jit-&$:Vk&Ztfr fc. 2-?C9«iii2S2 0 5. 2 0 6fcAI>3fc9®Jg£&4 

tc\bX\ 1 l<Dl}m*t><r)*-ffl>JtthW&lz tzfflfflX*Z>k^d9i%:&$:fri. b'-AXT'J 

a. 4«6ifi¥K*i i o*6 5 5-b*i 1 8izm® y^~204<rm&. mtmt. 5o%x'b&-mi&s: 

z.hzk\,zi.->x$m$hzbtfx'%&. ttz. lofe w tibia. 1%. 9 9%tnomznm-ht. - 

«ti/i 2o#i6i*^»j^si§£fcii. m&t># notk&mzv) i o o#<o i <m&<rmfixm-hz\t 

m&mm 1 1 o mta^h^nzitmmoco^m k&o , £ft6^<ojifri>ft£<eft-e*i§5fc-f s 20 

fc. 1 Ofcitfl 2*|6j*^<7)Mc7)rt. tftefcTl 2ff )WJ:<7)r>r^$ •/^l^y^[&i±-n.^t*5ai*S. 

fo*6«*JfflW-4*&fctt. ^H>S3fc^Sl 1 4*6 ft->T. ^»^354 0 OttJ^T. &a5#s2 0 5*6 
S5-»119fcfl98U&£fcfcJ:oT3&»-&C: 10 #6ft&fI^fc&ai3S2 0 6*6*§6ft&<I^i:£ffl^ 

fc*C# 6 . * £ t (ci ot^ 5 -y 7 lsyi?ifo±£itt:mi& 

[00 3 1] &i>. P-lfftSl 0 1 fc LT. MttS om&>6<D&tfifi^£|§6::fc*T'#S. tffc* 3&g 

m?mtiJ)<OY AGls— >f<OSf52iSllljftSHG. ft* ^^V^^tBS^g^tT^^Sfl^ttSftK*^ 

532nmJffl^W<):^* i . #-fLi5 32nm-C M^£^f£#*^P3tl.&C:i:l;::$:9 . 3££*/h 

as^*^. u-^mn oit lt. ya z^mm&3sA^ixnt>tiim^mgff>\^^ 

GSHGT'ftl,^t^^. U— f^l 0 mmiZi£^f£.ftl)mmZtLi>ZttZ%&. Mfl 

¥&&2 0 OfcL •frx/UfrSd&asUfc**. EtHil^ U V— f%Ml 0 l^M^^&*6Bglt$i'iSb' 
XWm^yX) 20 1. ts9j£L./N'?-y*6<9R8t 20 -A^OJSjg (vnV-) £#J»LT^;t6£fcKJo 

0#f3KtJ;-&7-yxgg«iffi^ig7t-rsSIS7-f;^2 Ti>, y^y^^tS^fc*^. b'-A 

02. *£&U>X203. ND7^W (fefiTOCJ: ^T'J >y^-2 0 4t>J:^-*(0^ajS2 0 62r^<-T 
6-f3t*Sri^-r4. ) 20 7. t'-AXTU-y^-2 

04. «3fc^f2 0 8£fflLT, TD I b^MStf>l& [0033] 4cXm(=ffii!iS9i3IG93RSl 0 0T 

7cfcaiS205. 2 0 6"Ct»UJf-4J:3tol««S*ii. VxJM&tLXUmt SXU >y HR«b-A3 t&ffl 

£197 0^2 0 2tt. HOfiUV-Vfr^RMBI 3te^&2 0 o tcommz-o^xwiz^imizwrnt 
tf%lztZ,y~VJ:$mmimt'« . m*\/>X2 05fcU±. X'J >y htt«b*-A3tJ:6Bi?ifcTD 

OliOSmimffl^. flD^7-'Jx^m (StffittKffl I-t^^Ol»5Ee!ajS2 0 5. 206fcJ:41»aw> 

2 0811. Mt^SS10 0T-ii3tBBBBL^. 085 30 X'j7btt«h'-A3tMW. l<K7c8«ii#S 

y^-yox-yy^^tSSirtS^ttiSffi^^ 205. 2 0 6co&a}3^6£J:&«4£^-f. X'J y 

££ftU M^^)^*^4itl.RWIfca3tfcJ:l»« btt<7)b*-A3{i. TOW^lSjl 0. 11.1 2*6 

sfo&tt'O-gfrH'Srjgji-f & t> WT\ *mUz&^Xli& ffiWZtlZ .011 ( a Hi. 0 5 *><D 

?Lt»£9fcL&». ddT', 05£*rt'7xy\l±o T'fcO, mUffiM 0. 8Kf};tri6]14 (^xyvoSHBh 

SPJJx'J74*. 'Jl^-U-yX$rlSjS-rSW^>X2 SttO^-Sr^-r) . x«i. y«|^LTV^. tfz. 

0 1 . 8fc2 0 3 fcj: 0 . ftiB3S2 0 5. 20 6±fc*!i «ffl 1 7ii. flK&tcSjgLfcicOTfc 0 . 0 5Xiktb^ 

mti&. m*>. 4«. TDiby^coii^eiajs ^&®ioo<n&vhmi\'>x2o\<mum*:% 

205. 2 0 6£057KxUrSr^-rt,O-C*S„ i.S3t*Ot,WfcS. ic^ffil 7 fcBgTOU 0. ft 

[0032] mmLtz&oizm*tcffi&<?imw*?~> aj3ti4tco^*^/i-eixi 5. 1 6-cj>s. 01 1 

jWftSSfut^x/N 1 izftLXXV -y h^ob' 40 ( b ) <i. ^f|6j 1 0frbffl9ILtzm<r>®ffift<miii<om 

-&3tmW2ti&b. £coRStHli>f* (*>&V^itSSSL ^Sr^-T. JETOfcOStfti^FSj 1 9 tfel^ffil 7tc7) 

3t) #. ^X'N^S. ElJS^-^-y. S^I^^RB* ^1 8* OiJOtt LT. 07 ( b ) fc^rTi a 

feWfflf *£fcfc<r*. £«*asLfc*Ji. ®&]s>x -vKfa ( x^rifij. y^rifii) Sr^t L. mw&&m& 

201. ^7 2 o 2 . imvyx2 o 3 . nd ktzm&nwttftizm&thtzvy. ®mtm 1 7 1 

y <)V9 2 0 7. H3^ ; ?2 08. tJit/b'-ixXTU <0^co^8Ki. £<0P]^<y)Jgffl<7)P]^±{c^|,. 

•y^-2 0 4 5-ilLT. 8mi2£205. 206T'S^ [0034]fi!oT. £«aH»*tBWSnai*»^4i:x 

ixT^^m^ixl.., ZZX\ ND7^^207. (I U. ytttW=S:Kllt:^„ 

31^208. b'-AX7"U y^-2 0 4<7))HI^{i. Z [0035] tZbX\ /3 1 = 0^<iV^Ti^V^ai3t 

£C*tffcJ»rC*4««l4«:^. !Hft=. ND7 47ky- ¥^g|52 0 0 \iZmhmiVyX2 0 1 cDlSiPtt. 01 
2 0 7<±. b'-AX7*D«y^-2 0 4<0fttCffiStS 50 2fcJ:tf01 3(C^-r^P20 afc^rS. ££T'. WM 
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<93fr|6]l(h 12con&<f>l. 4>2ii. tztttt. 4 5 
mmtWifci'l . 03 J: 5 Mfcffi&Bft 2 0 0 

oizttzii&. ft&uyx (mauyx) 20i<oH!P 

S(N. A. ) tmmp)ft%.a 1 (03) 

li, 012(^cfJ:3fc. SfzhWmtfKbZVy-K 

cr>m\%2 1 x. 2 1 y^ajV>-X2 0 1 <7>KKA8t 
Stf&n&ttfcjcK. mzm (&3) &frt>&fcZti 

s«Htc^$^s^.#Ti>&. mmcoxfai *io 

N. A. < c o s a 1 • s i n 1 tfO 
N. A. <cos«l • sin ( n/2 — 4> 1 ) 
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*0. 12c9fijg<£l. *2£, 4 5Jg££fcU tktHU 
>X(m»l'VX) 2 0 1OgfjP&(N. A. ) fcfPJJ 
3fcD«J£a 1 (03 ) tcomZmZTjk't (&3 ) 

Xb^Xh. tt&WmMtfxtiXVylJfalZft^K® 
S&A^-iot^Ox. fcit^y*r&l<?50^|sil>f3l£2 1 
x. 2 1y£^^yX20 1<7>gSP2 0a(e7Jt3-£ 

h z t < -r z t m& t %Z> . 

[0036] 



a 1 £ 3 0 • OTK-TMf „ ^U->X2 OIW 
HPS (N. A. ) £&0. 4£lTtttlKJ:^. Ztl 

t>vgkm±. &iz, wsemmu t lx. ^tns 
1 1 aaiztm&immuw-yzii-tzmm 

mm ac, 7^f3>f<0LSI lba{CiJtfS#iS9 
jSU^-yS:^-ri>CPUara5fi«l b dfcitXA 

mz) w-ytmti&tix^htzih. ziihwow® 
ift%Amfc<Di)foizmtz>z.tizzh . *zx\ z<r> 
staiLfco&iHiiir3fc£*rasi'yx2 o i tASts-fr^ 
£di,z-fzztx. ztit>0>%«r»*9-yfrh(r>mf\ 

&m%izi-&. iLmizte. ®wtf->frt>(7>mft 
m^uKf\jMT ixm^<om&mm&x'(?>®m 

( 1#. 2&, 33L • ■ ■ > ^0Jf3t« 30 
JflJjU- >X 2 0 1 <0HP 2 0 a CAJtS fti> CI t iZ%h 

<ox. zcoSd:<o®lfimt. 01 2iz*i-to<zcr>®ytft 

21x. 2 1ytW^itt«Si:t-CS^Ctt^ 
<>U9 20 2XmjtfZ>ZtlZ±->X. mzi-zzth 

*jmxt>&. 

[oo37] tfz. mmttms.^^) hzmi 
x. smcom\mizx t )&A,timhi^txf&. 

mffiMmfci±£wm t )muv->m&L. m 40 
fm 0 m - y frt><?> 0 Kommwmi' > X2 

01£AltL&^<t3K-r&*:«>fc, ±Mfcl«BBL^J: 
y»^LTJJtir4 5JgcoftJgco^r[6llO, 12 
x U^Z^^i^h X V -y b tt<0b*-A 3 £ 

sk i uzm iticoxn. {h®Tbz>wmmm£ 

LXWm-Wt£ffliM-hZ.kimi<%Z>. ZZX\ 

T^&ifc*»fe» y«{cW^*|6ll i*^a«itcw 
LXX »J y h#tf> t'-A 3 iWS £ t J: ot „ £ 



(83) 

rt9->x^hz.ktf%<. zwuitui i»$><wm£ 
^"m^mz^hztrnw ±tz. *9->\zx 

9 0g;fir|6]«D^»i. >>XA£9 0Mg3-li:Tl& 

3E^-i»*\ mmm*iimz-?hz.ti l zii*)ft£*s& 

[0038] L*»L^*^. 1 1 ir>t>X 0 h#cO 
t-A3*!BWLfe*&. 013t^-rJ:ofc. 0»:[1I 
»f3e2 1x' . 21y' y*|6l<00»:|BH>f3ie2 1 

y' *^UyX2 0 l<7)^P2 0atASH-S^tt 
=5rSOT\ 4>^<ttC:O0»:|S|Sf3t2 1y' 5rSH7 
< )V9 2 0 2t= J: oTj63KtTjH*-rS^^ t S i 

ttz%&. z<7)^ %fmx<Dmm£i37<fr?2 

02lz£^Xi£X:LXif&-?Z>Z.ki>-5fmXfoZ>. $1 

±. mmmm&i±coi-v72mzmrt-z>im t ) 

&U*?->ni^iz&if&immuw-yfrt><ry 

¥f£odmtfi%com£miiz~?^xmmLtetf. 

2rtWi. ^^ULS I laaiZ&V&^V-tJimm 
lab^ V>f a>W<OLSl 1 batiSttSW^^ 

SP^lbbiiJ:^tya5^1bcc7)«J:dtCs »0 
MUV-yfrTftEt&Zblz**) , coHOjBUV 
-y*^«0HI*f3Kls (@*rT*3Ki{S) ££S7*;l^2 

0 2t<toTig3K-ri»^t4«$its 0 s-rst^ f- 

^^2 0 20)t3^N^->'* s SSSftl. Z t tc5r& . 

gmy *>V9202tLX. WF5-2 18 1 
6 3^^fcJ:r^f||^6 - 2 5 8 2 3 9*B«B£i3tt 

vvhif, f- yT2rt£0|BIgS>'^->t«t-C^g?-«ttL 
^7^;^202tLT. j£3f^- 

yffmz&iycozmmix&^x , ^-<y7•2rt<7)IHI^s>'^• 

[ o o 3 9 ] act % «iai l J: o t ^zmmcoxsmJ 
xizmtt:®ftm.mmiz^xmM-&. bb*>. td 
i-ty^coid^mta^ (4 t-it-tyy) 205, 



(13) 
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206 owmttmi i ix-nmmm-j x*** < 

y^«oHStov^-oxy\ i tx<m.mA Xtf2$. 
?ny. ii?n>. o. SS^oyfc&SJ^&SS 

WsX (U>Xm) 2 0 3<r)X.£® t )Wz.Xi>&^l. 10 

i>sui. ]/>x(u>xm) 2oizmwtxi>& 

JiJ3g2 0 5. 20 6£T<rmm:mt-i'lz%tt£o 

£. \syXco®fS.*mtlX}i<k&^. \>hhL. z 
x, ±vv*x<?>m$:^ihiih^%imm^x 

2*. ^sV&tenWmAXtVzttz^V)* 
mWtXh&W 3^r|6j*^<OXU /h«(7)h' 
—A 3 fc TD I-fe >~9"2 0 5 . 2 0 6 i: coW&Oi-ffctf) 

mmiz^xm 1 4 £jbv vcipjw-s .014 tut. 20 

>>-x^ 1 _h<7)TD I co®4 i: . Ufa 1 0 *^£0X U -y V 
*£h'-A3- 1 Ofcitffil&J 1 2frS>0)XV 7 b«t'- 
A3- 1 2toKft£*-f. 01 Otc*-Ti3tc. 1^- 
U~ffti£l 0 l*>Mtf£LT#^x«J3b'-A£. 
#1*110. 1 2*>*|*|*fc|RPtt-4J§a, £*i&tf>tf- 
-Mi. *ft.WF*U SBHBHWC* 3fcgfctf£>o£ 
**TT L£ 3. ZZX\ 01 4(C*-r«t 3£. TD I ff) 
&40&HrtT\ C:*U^)fc'-A3-l 0. 3-12*5 

$ibi>%^xd£vmi-z>ztizz*). Tmmm 

<£fc*<t^l>. TDI-fey-9-205. 206£ffl^S 30 
i^&tt. 4«RHi*rC. 6iajai^2:y*l6ltyXT-i>* 

fflWWiTVvtfciSHfci*. £ti. HTOfrffll 1*><c> 
OX'J -/ bttt'-A3- 1 1 <rfflv^«^i>RflUc. 3 

vad£!»riitfjA\ 10. 11. 12cort2*co* 

t an/5 2 = M • tanjSl 
tztct . Mim&K&m 2 0 1-203 COfemt ■* & . 

vd3t<vt>*rzm^h%&. c\<m%P2\t& 

W<c^. 40 

[0042] mz. z\<7)m2comk<mmiz}i^x . * 
®ttmm£ixmme>xf&frt>cr>&n3tzTD i -b 

y^<91&7E&aj$s20 5. 2 0 6T«iaj-ri.C:i:t 

iwzwmts. ^^2tonsfeo»sfcfcv^Tt>. ft 

( a ) KSrf J: o izfifa 1 0 awyHWLfcHK mi 1 *> 

^conii^oitaso^i. sionifewfciiiat. 0 

1 1 (b) tSPtf-J^icfc*. BP*>. jESSfcfoOltJMW 



[0040] ,r.r{ctt. HSLTWflri^ ^rt 

1 0. 1 236»^jBJtS*l4^y y MKb*-A£Pl${;:|l 

ma&yliftlzftlxmKt:^ ±Utd 1 -by-^2 0 

5.20 eomwmizj. o . wiifflME^F^fc xm 
£&mvz h . *<7)tz#>. m 1 4 x o tt- 
-A3-iot3-i2 fc**3c*>^>*vu o tsmmtt 
mu&\ mz. ^mmtmm^xmmsm 
<o&2<m&(r>&mtz^xmm-t&. w>2<mwm 

Stt. 01 5iz^Xoiz, mim<?)Xffifrt>cr>MU£ 

frt>$imtizi><r>x'bh. m<nmmt. m3iz*m 
i(rmk<mmtmmx'S>&. tz\bx\ 

2 0 0c7«feftli2rai:*^/3 lfSWyitijli. 0l6fc^ 

*5 i*yc*^t«u ojaTWfiv>» 
B5«*<t^*»<5><oica3t5 2tttt{3rs^rtctitsa.-r5t 

*5. «aj«*rtti@Rffl*5^'ct,^<^eatt3j8S5 

3t^r«t3t=5:5. ^t, trSIBLSWSikfcJ: 

[0041] U»L**<^. «iaj«5205. 206tCT 
D I (Time Delay Integration) -feyifSrffllrtf:^. 
^SSOW^-C. «iaj^^a52 0 0cO3t«lSr«ttS 
Zt&TZZcW Clc7)m2<7)||Stco^®co^ 
^. l<jC7C<0-b>^^ffiffl-tS*>. «tli^^2 0 1~ 

TDI^yD-2 0 5. 2 0 6<Offi^f:<js:fc3K-t (ft4 ) 

^BST^2:^^S ^ ktfiX'Z h . 

(»4) 

^(6]19i:^««St£0^185:0»3Ki:LT. 01 1 
(b) (c*-t«fc9tc>'^-y*-|6] (x^|6). ytm) Sr 

iicon^±(c^&. Sot. momuw->0j*te. 

y^-ywJ^. O&0ifofcofli*tt. c«BSSP<o3c 
jjSC2 2fcffiar4. SoT. /8 1«vxt«iaj«¥«2 0 
01iZi5tf&1tVkV>X2 0 lO^P2 0btt. 01 8tC 
Srn-Jfc**. *LT. d^P2 0bSr*|6]14 
(3feHW»|6J) 019 (a) fcjjcrjd&tt 

Mli:l](iiO3^ifc0»:l5jJf3K2 2*i|ttliLTai.S. * 
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ZX. 3337 4^2 0 21;:*^. HI 9 (b) fc* 
* i a &tt&ttO>I#aS2 0 7fc J: O^ix^OlHlSf^ 
Sg3fe-r4k. ^-y*>£0^§:|&fe-C£4£kfc:5r 
4. tfc. *>oyN U«iO«bV-^W-^| 
tf. e-y^am>->fci§3\ 018OStaSj4[18SrtH> 

2 0brt"CJi, ®tf3E2 20b.y^k<iffl#^;b4£k 

>v? 2 o 2izm&mmM%M2 oiwv+tim 

yfcOWCJi. 3*H7 4;l^2 0 2fc:J:- ? T£t4[I!iJr 

*T4 c: t twmt &4 . 
[0 04 3] mz. mkQ&UW-yatt&z-wx 

4. ft-Jt. #1*1 1 0*»6X'J >y Hfo0b*-A3£figHJl 
Hl2kFHRfc, ^OfcJp-fiotx. y 
#|Sltf)0&|lli)T3fc2 lx. 2 1y#£t4£fcfc3:4. 
fc £4#. «KiJ3t^2 0 ODJGMftS lffiJt^ntV^ 
4fc. SMStT3&»6««ajl34*S ySfcfcffi 
It^fc0ttlsl9r%2 1 x#*H^yX2 0 1 OiBP 2 

XQftm&t2l**mfr&m&>klX<h. ZCO 

9 £ W-yoiMflO iKBWBfc/** -y fc 
4 £ fc gffly 4)V>?20 2 <,zmif<7)®1ft%. 

^?->mfzit&<mtf$ii&. sag 
y ifrtxfflinmsxftr^-ytmtLZ. o t-?& 

t . 82H7 * £^^4flE^»>^OiSr3l 
3!6«5MBW»L. J&gtfffiT-f 4Clfc t£4. *£ 
maL^l^USO^ffiOiat. tttt3£!3R2 

o o<Dym^mmztxmi^yx2 o ioii§p£ 2 0 

afcttflMtltiiktio-c. IHMjEU'W-yfctt 
LTtf 1*1 10. 12»0>X\)v h#Ob*-A 3 SrSgHJI L 
fcfcl/Ci, 0<jCllttf*'^-y2 1x, 2 1y*<^ 
U yX 2 0 1 OlBP 2 0 a rtCA»*4 O^B-Jitf 4 £ 

k* t BrKk<ro. immw-y±.iziPtEt&m 

[0 044] U>»L$r#£. M&b^lO&tkOJBtt 

xmmLtzxuz. wmnmw&tzif&t&mm 

«#[*] 1 1 frtyX V -y Hfc0b'-A 3 WJJ-T4 £ t 

2O10>iTC]2OatCtt, O^0Jff3te2 ly' #A0t$ 
ilT L * If \ SEIB7 !l>9 2 0 2^T'jtft"t4*£g#£ 

t4. xi>. wmmmmttttimmnxH 
comm. mmcom<r)m&co±ti$> t>a>Ttt< . a 

m&tMW-yim£Zti&i><r>X'f>lt:tb* Htt% 
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fc»frt4 J: dt=flWtita^3**£ kaawk* 

4.HP*>. y*JC#LT4 5«ll«*ltfc*rtlO. 1 
2a^08gi9i£ J l>#>T yfBdrft 1 1 y y h#co 
tf-A3tHWIU «aj*^2 0 0<0*«I^Stt*»t 
y tJ J:t^x«Sn6|fc«»t4£ k fcjt -?T*ffljl^yX2 0 
1 OgJIP £ 0 2 1 izijk-r 2 0c O&Hfcfc < £ 1 fc J: o 
T, #*S9®U^-yo^fc^vt0&|5]i^2 1 
x' . 2 1y' tfjWftl'>':X2 0 1 OliiP 2 0 c fcAft 
^■40*B6±-r4£k* s T#4. CIO J: 3 fc-«itf» 25 
10 E|7 4/1^2 020:. l!9SKUt?~V*>6£l:£iaff 
ft*SO*SI#-r 4 J: 5 fc*KT* . 3397 * A* £i§j§ 
^4M^«XI«^f>WiMJeco3SScOfiT^t»<'£ t 

[0045] Lfrl&tfL Z<F>M£. WkVyX20 
ION. A. 5:/h? < i-4 £ &-&gttch „ fsmii. 

ttass2 0 5. 206 *tfkAtiarab*ft<. a 1 7 tc^ 

"t ± 3 fc, «aJH2 0 5. 206 98 
Z20 5. 2 0 6O«#«. /8 2«*|S«f{fC=flr<. j8 

mm*, s^fc, «ai*¥^2ooT-ii. furyb 

[0046] mz. *mmz>mm<?)Xfm£3im 
e>m3cr>mmcomm£^xwm-t&. zcomcomm 
warn, m 1 & itf^onjfco^iu: 9 1£4 to 
•c* 4 . £ com 3 <mm<mmi .022 tzm-x 0 

fc:. 0SS>N°^-y{c:^LT4 5eo^ri"ii o. l 2fr 
PJjt^>Xi04^fflv^^T'. j^>J>'KU*;H' 

30 >-Xl04' Zm^XmzXV-y MROb'-AOft^^T 
|6]^!SBB*|6l 10.1 2fc|6lW:X >J «y h«Ob*-A 
3' £>?XV\l±fcBgBJ^i ) kO'e&4. gp*>. ->X/n 
l±(C»J«$fUtf-y7-Oi»IJ*|iJ*»<?>4 5K3SIp>#UK 
mmttMlO. 1 2*»6. JBH^AItlifcTtf* 
J^ob'-A^ ^xys 1 ±C|»IH-4 t>OT'J>4 . 3 

s*rfijtc(±^^>n^t,o-efc4. »>x 

>M±(c^>y7-2rtfc««$ix^S9ML/^-y. # 

40 J:^20|fSteO^®tHtt(c^4. ClO®3«y)liteO 
^-yTiti^mft-r XT-iSC0 

&4. S^t. iOHUfiO^liT'tt. TDI-fey^OS 
^WXT-^'^E^InlytW^^^^^. «l 
fflf§2 0 5. 20 6tlXTDI*y*mmt%\<\ ^ 
oT. ^itils2 0 5. 206kLTl»5cO'J-r-ty 
-9-£ted#g#$>4. U-T-ky-^O^. JBW^tf- 
Afi J; O&vvx y r*^03tfi^^^di-r4 £ k fc&4 
fc^. BgHB3t^^J:<f!lffl-ri,^. HgHHb'-A3' 

50 ii-ty*comiz&^£xnz>t&\,\ sLimizu. 
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fztHi. Hry-9-?)BiSI^MXtf\ HS^ny, *N. A. Ji. (»5) 0. 5gJgfcrri> 



h. ±tz. m2 2i,z5fcfmmmx\ ^^205. 2 sfaj^ftti-^ftK&sjtto. ^mzx 1 ). z 

06tTD I *m^&®£. m2 3lZm-f*d%BttV> <n)ifo0i}&1}\$$mth. LA>L. mutfb*). StiiJ* 

t&s. [0049] 025 isa<o*i6j*^«iai-rs^ 

[0047] mi^wmt&zftim&xm mmom&z^. u$\2 13. 214. 215c 

t LX . A^-y*J5:V^klg^)^KJb{=#ft-r5 jtiij Ur3fc£1*a5l'yX2 10. 211. 21 2"C*g® 

M^OXRS«aE{co^TilBBi-s„ 024K&. Kft U **l-?*iEWJ2!2 13. 2 14. 21 5-C8Wi-f 

m&Dmnm'CDftnMLnwRZ^i-, titm. m s. z^mt. 451, 452. 45 3trtn/f 

«3 3±c0iHIJl3 2O»C+#/KH> (Wmm V9i\, (A/D) £BI$*t. »##&4 54-C«#$ 

a#tf> 1 ) obh&? 34m->tzm$. zza* *t. m^t^mzx 0 2mit2tix&m&t% 

t><v/tcomimmmz%iii-t&. ^t>*>mimmiz s. zffm^2 10. 211. 21 2^-r Lt 3m 

^ta-t^bmmizmmm^tii-t^, zzt. stasi. 20 -ej>s^±^<, 2-?-e*oTt>&v\ *^d^-co 

^*iB{±l!^3 2i:Tffll3 3t^aT'RI«-S. - mftmi. 03fcjjcmnm2 0 0£«8 (*fc*.tf. 
ORSt^teiajSHIfcltajL^^T^ci 0 . Sttfcfr 1 =0g. 0 1 =4 5g) . Jflv**a*>*tr*>*>? 

Wfc5l»Wfe&*. fcfcxfcf. *W3 6 ,3 *>£. 02 6Ktt. mM&>W$*Xtt&feaMiB 

7 . 3 8KJ:oT. *aSffl*3WBb*i Rft ^^bSr^t. ( a ) «. fetttjt-C*aMHHIi4 

IgOJfS. Bff*fcJStT, i*55IK^)WaSfl;L, * 8, (b) tt3o^fr*»ft?*5§M0Sfl:4 8, 4 

vm&mtljfafr^l^lKi^miftcffimPgik 9. SOfcSfeTSLTV**. £<902 6 (b) 

£fc*£» SMHOtfflfcJ: oT&ajftoaj^i&b^ 026(a) lz*tX SaSMBHbM** < ft*C* h 

h. zeytzto, ±XiMiai.T/m2(rmm<mWiZi5^ tM£\,\ W*>. 10. 11. l 20#ifa#t><nz.V v 

mm3 2W>m»*®&-tht#>0)i><r)X'iih . r . h-owh*** 2 0 0 tj: 0 . ssatit^Dj&iiis 

t . vmm 2±.<7)m>mmt& t £ . 1 0 ±^^^*-r«^5r^ai-r6 - 1 m&t . 

6£ONfcU P—fftgil 0 lSrOFF-TiitfiV^ Jrdfc. ZUfafrbcOZ 'J y M«<?5b'-Ac7)«jSSrM^ 

t^ttt. f3OS10 1^ONtL. &&mi0 «WlJ^^2 0 0T1*ai^it*»*srtgt^O. 

6^oFF-rn{fj:v\ mm&mkew&t'g. ¥mwmm?fmiizz.&?*vTv7*zvhzt 
vz>mmsmznLx\t. &mm^m^tmx\ l \ 40 ttz. mm^moo^ 'j>-%<ti>2~? 

[0048] &&MW<7)Wj£. TD I-byfWffiSi 0 ^)^T'. ^dfelRM (t3±Uf«^iS?i) ^ffljE-TS 

^^x^-yh^T-raBW-aitt^. mm. zktfx-z&tiib. 2m&mm^mm8jL<?>m 

t LX U—fitmm^^Ut. g?-ftJS3 2±X<n WtWSr^. 

*ajaj**33etf6fc«>tii, ^x^fgnj^stai-r [ 0 0 5 0 ] ^^(c^i, s^^ps^2^s 

6m*m£m&x'*&£ottz%fflnmmy»i' mAomm<mm>z^xw^n-th. tz*>x\ 

yx2 0 1 vmm-tt&B&iib. ^^nik «WH^««HMa%tr-:^ 0 fc-aw 

Ji. MHJBK^^^WBVK i*ifefcJ:6«a!tSJR* Wi. 0. 3-0. 2/imJaT<0«W«kS*ifc»t 

a^LTtfi^. zzx\ mtfrt>o&njt<omx'cr>xw ?-ymft&tixmm>?. ^«««±(cifiRtr 



yxio4' co-by^co^^rifiitiiSft^ifii^PS* 



A. T'*-3T*^t>5rV\ 



d=l. 22 • A/N. A. 
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hmm^xmip o . 1 u mwmTnmwteftTt* 

izh&Kih. *m\mmw&?>xs&mmwx'ii. 
o. 3~o. 2umwmT<7)mm£ztifzmw 

mm^mmcoxM*. mmmx. R^mx-mt 
x'Z&zttfmxztixzx^h. 
[oo5na3 5iza. *mm&mm<?>xsm 
*hbo^4 <mm<mmnmmifc*mLttmx'h 

ZimtZ>*T- : J3 0 1 , 302, 303fc.¥^ft 
V—~f. TlVdyV-'f, YAG-SHGl/-f s X=* 

vvw-if^<ou— fmmfrhtchwmMi o i 

t . »S ( P-ifji) 1 0 1 frtSiWSixfc^l* 
»W6*. «W>*rtrt»fe, 03 7fcjjrr,t3lc!$KtL 
THBMr9X#**fco*y «y b««^Xb-A3Em 

(H9IM3 ) i o 7x-mmmms. i ±«fflw-« 

JRH*J5**10 2~10 51:. tilftUyX (mis> 
X) 2 01, gffi? 4)V9 202. *£&UyX2 0 3. 
ND7 4/1^2 0 7. fcitfh*-^XTU>y^2 0'4^ 

ifcftft) <^vvtaaLTSrtR3tf**flHIE^i:. T 
D I 4 jc - SAfeytK CCD4 .X-^'-b y-?3*£>fl|j£ 

s*u «aj®S4t»^sg3eiB^^sttaj§i2o 

5. 2 0 6fc. g[«iajS2 0 5, 2 0 636»fe«aS5?#l* 
M«m#(c*v^Sli^<O^P6Sr«!tB^-i.iSf»«iai3J4 

o o t fc j: o-caiissiis . ^oxntiaaHtt: 
a. saaaw&ai i com&&m2 05, 2 0 6 <og 
ai£B(=tiffts«& J: 0 izmmmwkzmtx^z,. 

[00 52]!M£Sil0K fcitflWffiE** 1 0 2 

~i o 5<r>mmmt. H36fc^-j:a^ mis 

1101 4>6(litt3tlfcM;ltf - !f b'-A 1 0 0 60) 
\i-^.m:W±^hmvyx±td,iViVyX\ 0 2 

IHSfcJiO^yXl 0 2m*£ilfcb*-A£Ji» 
WSr^fc^-tSniM-b^yXi 0 3t, U3 
v*-vvyxi o 3T'^2*utjjffTO&^to 

V^Ty «Ctri6lt*^LTt![«l3iE^*% 1 ±K03 7 fc* 
-TJ: o CggKfc LTJJfftf^XfrfliSrkoX'J -y b«co 
^Xb'-A3K^ (MWiB ) 1 0 0 7-CJM-^R 

mmz$nmmis>x ( ywrafcsaowB^rt-s 

104kTl8j£3;fi.l>. =5rfc. Ml^XStti 

auyxi o 2 k n u h vyx i o 3 X -^tt' 

10 2-1 04 fcLX. 

^yft » m'-^*wyyx'$mzfKrzim¥fi 
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frmiz^x y mxmzm&LxwMmtmi 1 ±t 

'J -y MfcOtf^Xb'-iOfcg ({SH^^2 ) 1 0 0 IX' 

mrthnmvyx < ymmm-mmtti-zm 

&) 104k. KPJItVyXl0 4T^ixSX'J yh 

wxt-AM 1007 £%.m-£xmmtms 
iizttLxm*mfr^mm-&$7-tx®f8.-?&z 
ttfx-zh. 

[00 5 3] tZ\?>X\ ^fltJftfcJ: 9. D3^^«i!]i^ 

io yxio2fc3y^-huyxio3k^^l©«b^ 
fckHHi^ y xt v is-x.\syxk <m<rmmz^$tLx 

k LX\ mtfVxftlfjZ t> ^fcflKfflRtt U'J 7 hm 
3fc3U007) 3<7)x^r|6|<7>R§LxSr"r^LT^-r 
&«rfc#T-#-5. RStl^Xl04fc»!ftSE*fgl 
1*llk<7)^ffi8IS:^x.«»C:i:(cJ:-5T*^$n^B3BB 

UU >y h#cr)*fVX\L-J*%3ll 0 0 7) 3<0y 
20 *^<OHLy5:nr^tT^t-Sifc*i'C§5. 037 

izm-tmmmm4ii. m%&m.m±.izm&TDi 

IT-f X*5g|xtf 2 7 ^ m X 2 7 >u mt, l^jl^^ 
(TD I ) ^I6j{cmtf6 4^ TD It-KTlW^r 
SMUX^r|6K;0!|^f4 0 9 4X4 0 9 6CC 

DSffi-fey^T^SilS. HP*>. TDI^-y'^ 
t205a. 206aJi. 03 0 fc, ^-f^ 

•ty^n (mif6 4) 8Bf&Ztlfzi>0)X'$,&. -t 

y*y?tmmx't>zi)K ^-f^u-hrtttt. 
J5ft*MW5-fyi. 2. • • • tJ®*fciKi*Sirc 
V^. fe^S^ftl ^ym^zmt^^^yxy— 

v3O2^0a«^. yi^-hk^il^-a-S.Ii: 
fciO. ^^tf«^!|?!l5*^<7)tSS9jKftS^«|g5f3K 
£M-r><mi(>\i.74 ynizm&£X'<r>mfflzbtz^ 

xm&tiz z\tiz^<o. mm^mmnzMizttt 
xi>-smsgxmiii^&ztm&t%h. z-oAt-i; 
*yyxn. mmMm'\^mm<?)M&0)®tfyj y 
40 ifrhy4ynizmm^&£T(r>fm%$>z>wmi)ift 
®&<7>imztiiiii-t&zbtz%:&i>K 7jy&«iz$m 

[oo54] yjMWLiztotz. mmmioix*) 
mztifzt'-j*$:mwm% (mtx&m) 102- 

1 0 4 TX 'J ■•/ b WntiVX b*- 10 0 7 
U dc^^S^X "J -y b«c03l£^ 1 0 0 1X\ 

-=J3 01-30 3±.m&mi%msi.i «tffl 

50 S. TDH ^-^'b y-^*^ffij«$tL/^{iJS2 0 
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5a. 206afcL yXf-y'3 0 2S-yW*[6lt:^il 

s-e-* £ 1 1 j: o Tima^tmsis 1 * ymmzmi 

Oa»jaKi:PWILfc54 yi^-r r tT 
0. e?aJ3t^^2 0 1~2 0 4T46«?ni»tt^ffi*f^ 

0y&ibzti&m%*Mn-!m&4 o or*>ui-f 

TDM^-j^n2 0 5a, 2 06a»5 

fcX »J y MfcOt'-ASfcjg 10 0 7 £883tSftS3 izm 
U TDH^-y'tyt2 0 5a, 206a^)5O 

w-hrtt mm^xmmtmm. 1 * y wsrftic 

S»3*Sr*«fe. TDMjX-j/*-by9-Cttaj<S«4fc 
«4t#^fS^I^!fiS^)XPB^. iSS^ES*^* 20 

[ o o 5 5 ] set. o . i n mwmfnw&'Wzm 
o. lumwmTcowm'htcmmcoxm. ^m. 

TffiUlXot-thk. TDH^-ytyt30 2a 
1 ±?<0&B#-»M X£ 1 u m x 1 /z mgg&TFfc: 

•rsfciwcji. tdh^'* v9-?)&h*im x# 

Mm 2 7/(mX2 7^m^, ^V^X^OSiaS 
3fc¥*2 0 1-2 04cO&&te$M££>2 7fgggUU: 

H^-y-b>t2 0 5a, 2 0 6 at LX2 6 X 4 0 

9 6ccDmm^y^x-m&ittzi>(r>timt^t 

$,m®4\iW=2 6ummmaT. H = 4 0 9 6jumg 

jsaarfc^s. ts«BiE*r^fflgic^ts*^#f> 

-t y»r 2 0 5 a . 206 acD®fiIHC|£&;S-£&&£iift 

^2 01-2 0 4«. *mis>x3fx'nf£.isti&m& 
x\ v>xwmzm^xi'>X(nQ»ku (3^1200 

1 ) tJt^T^2tfi : <ttaeoTMTF (Modu 1 a* 
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*tion Transfer Function) (IE 

mLtLxm>LtLi*<r» m^-thm^^-th. z 

tf>Jttf>. 038 (a) fc^rTTD M^-i^-byiJ-2 0 
5a. 206a<O®KHtfc{t-S3tlft2 00 l*^fit> 

SEftTMTF#&kffiT-t&3gas mm) <mm2 o 5 

ae. 206ae. BP*>. 0 3 7 (CSr^aiSI«4 <03t 
«|2 0 0 1 *^JgtffltfLTMTF)!pfitlST-tl.5ga5 

mm) izimtmm^mimwxf&frtycomjt 

[0056] BgHflTtjglOlfcitXHgHJ^ 

* i o 2- i o 4 c j: owmttrnmL 1 cosffiosat 

ffll*3T^St$n.S.XU >y hVtW;xt'-J*%3il 0 

0 7<DMi. 03 7t^-f idC. iI&#»7X#?|j£ 

mm 3 £ftiBSWc4 X 0 t>J£<f T»»t**»6«** . 

[00 5 7] zzx\ zn£o%wm*t>. *%?Mi. 
mi o i*£aw*h.*jsa***sirt*fc:. m 
wmi o ifrt>m2ti&%&zwtoizmmL. mm 

m®4<7mm2 001 *>£&t>JSiVtMTF;5p'«t>®T 

YAG-SHGl/- If. I^y7l/- f^COW-lf^ 

y>y^7iy*>hfflmfrt>%h. ) lOlSrffl 
N 6^5^^ 1 0 2-1 0 4 (Ci oT«iaj««t4<0 
3t«2 0 0 1 ISilTMT FjftifttfiT-rSSg^ 

«m*$mr&ztizhz>. 
[0058] m%. *%mi. Mtmizii. mmmi 

01&XXmW%&& 102-1 04(CiO^ , 7X^ 
0iBKMrr«XU -y htt<Dh-A3tmi 0 0 7-Cfe^ 
5^^KR 1 C0!il^^3 Wig|H-*R. «aifg«4 ^) 

msmx-^mm^wckiz^h x o zmm&zk 102- 

1 0 4 5-iig ($013) LTMBfl^ili^^rS. 
T. ^'J y b«^t'-A3l£^l 0 0 7^BgJS^»>X^ 

03 7(^-rj: 3 izmz*? me) stt^ 

iz^-t (&7)5fc9fc 
[0059] 
[it6] 
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(»7) 



[006 1] ZC0&&. TDH^-y'tyf2 0 5 
a % 2 0 6 aCOg3tjS*^JS-ri,^{i}^4 C0x«|^|6) 
com® TflHWf (xO)li, <M*f <O)0> 

#6 0. 7%-CS*k3rS. flU^. (H7)^(c*JV> 
fx xO = <r (<* = 1T\ xO = l ) <59k£. fe*ffif 
(xO) = 0. 607f (0)k=5r&. SnB. ±IE(S6) 
jftCfcWC. xO = 0. 8<r~l. 2a (<f=lX\ x 10 
0 = 0. 8-1. 2 (#"7Xt'-A5fcjK10 0 7fc^>U 
•C!B»#9»1 0 2-1 04fcJ:S±2 0%SS<OS» 
gm£ffg-f&. ) ) CDkZ, f (xO) = 0. 49f 
(0)-0. 73 f (0)k&&. _tiE<&6) *fc 
fc^T. 0- 8x0-1. 2 x0 = <J (o = 0. 8— 
1 . 2 ( ^Xt'-i.M 10 0 7 toV»tB«?i 

io2~io4tcj:i»±2o xw&nmmw&zwm-t 

6. ) t\ xO=l ) cot*, f (xO) = 0. 46 f 
(0)-0. 71 f (0)k&&. ftoT. mffl&&10 
2-1 0 4fcJ&;>y^Xt'-A3Blel 007«xO = <J 20 
U=1T\ xO = l) fcT&SBiHlkLT±2 0% 

fMr#r&k. «saj^4tcfcv^T+'i:« (»o 
o i > mmf (oHzm-hmm mmm) tmxf 

(xO)cOjtkL 0. 46-0. 73 (f (xO)=0. 
46f(0)~0. 73f(0))k&&. &ti*fflWt& 
0 2-1 04 fci^tf^Xt'-AjBgl 0 0 7<0x 

0 = <7 (a=lX\ xO=l ) (C-fSS?g^lfcLT± 

1 0%g^F«-TSt. fcajflW4fc^Vvt«Wj» (3fc 

M2 o o i ) otssf (omjt-rsjsfiasu co 

ffl&f (xO)<OJtHL 0. 54-0. 67 (f (xO) 30 
= 0. 54f(0)-0. 67f(0))k&l>. 

[0062] ^-rtuzLxh, wufN*4££iv?(fi& 
& <3fe*&2 ooi) <otsgf (o)t^tr zmiu Mm 

&)co<m.f (xO)<Djt#. 0. 4 6-0. 7 3tC^r 
Sid t^Xt'-^^ 1007 &mx&& 1 0 2 
-10 4(CioT^ri»^i:fcJ:oT. MQftftB 1 0 

i *^tait$ns t'-j*zimiz%mLxikftMmco 

S. 03 9fc^-^57ttt. HgBBKSl 0 leftist 

zixhm.coimx'h&m.^x.wz. xmfoom 40 
mm. m-hw»mm<j^x.t:t^comtiimm4^x 
mfo<m®i$ ( x 0 = 1 > x-com. < msnm^a 0 

Oft*) f (x0 = l)<D^t£^Uv:. 
[0063] kfc, 04 0^"t^57fc{J. HiffiKil 

1 0 1 t^hm^ixhm.cow^htm.i^.x.it 

fc. BWfe*. ED^f8MIi!<T£<T = 0. 5. 0=1. 

<?= 2 b^ttit %<omitimm4cox.m)facoimx o 
tzmzmg. (g-mm^wcoxM) f(xo)« 

Z^Ltz. Z\tlt>m3 9}5£xm4 0frt>i>Wt>fr%£ 
0 fc, Wfflil4 Ox«tfr|6]<7)*mgB ( x 0 = 1 ) fcfc * 50 



v&mg.zifflmxiz?t>t:Mz^ rnm&m 02 

- 1 0 4 fc i *#*x#«ii3fr*< x«d5ri»j<7)B^<ol@ 
£«Br«=l <gj*il(Iil<T=xO) fc«r*J:3fc!IWW 
tUfi^Ztizfth. W*>. 03 7(c^-TJ:3fc, ft* 
fi&4 S8fc«rC**iMi*»6 xtt^lSOOWSSteT'CD^ 
££x0kLfck#. BgBH3t^l0 2-104fciO 
»5<JS^iIllo = xO (^aj®«4<7«t||!rci ) |,+^ 

^>x«rtri»j<o^^a5if<7)fi$) k**^>x^««!B 
& X 'J >y h#<9t*-Aft5fc 10 0 7 fcSJB LT 
?ft«^^atSHC*tLT!iBB««3 (Lx, Lytfgg 
gftff (0)?)0. 2Ja±oa«f:^-t. ) k LTiSffifi 
•WUfi^ikfc**. =5rfc. Hlgtt. &aj*l2 0 5. 
20 6kLT. TDH^-y'tm2i)5c'J^7>f 

^-^'-by^ffl^a^ ftW2 0 0 i*^«i>S£ix 

TMTF^gtfiT-TSMSti. tfMlim4C0ft& (T 

d i ^^-v-fey^^^03 8t^rflgstcfi[&rs 

H205ac. 20 6ac^JS-tS. ) tfiSTS 
t>Ok=5r£*:tf>. ±Ex0ktT» /" ( (H/2) 2 + 
(w/2) 2) trr&^kj6«a4ii4. wfcisSH-sc: 

k#T#;h.fcf. x0= (H/2) k&&. HfcilAV 

«. mmttmmuL<£&vh&itiffl&4coxLmftv> 

m ) t3J:t/ytt^r[»I<0i|i^^-r. TD I -4 X — is 

■tyy-^vstv -TAt-v* yy-iz&v&gKM® 

(mm&) ttJ»« x«*l4W)(B4 (HXM) . y«| 
*|6lOiIa{i (WXM) X'^Ztl&ZtlZ%&. ^tJ. M 
»M3t^2 0 1 -2 04 1 iSifefillfg$^-r. 
[0 064] ELh3t>5JL*:J:3fc:. ^aj^4cOx!Wd5r 
(TD l4X- ; J±yV*2#jtV-TA X 
-y-b^Srfflv^J^. 5tftft2 0 0 lfrhWthmtiX: 
Mm) 2rx0 (=7"( (H/2) 2+ (W/2) 2) t 
tii± (H/2) ) iltk^ ggBM^^l 0 2-10 

4izx <oimo=x.ot%z>tf<>xftft<?m£tt-?z> 

X U •/ httcOt'-A^ 10 0 7 ^SJBLTS^IEW^ 
SSl{dk*LTiRBffi«3 (Lx. LyttHtgftff 

(oxoo. 2m.comm:m-. ) tLxmm-hzt 

tioT. ^V-^:#^r«?lc^BSHg3fcSiS:fflv^c:k 
U-if. YAG-SHGU— X^f^VU— ff^P 

a^>5yr#<07-f 5^>-h3tai^*^s„ ) 10 

lSrfflvvC. ^c7)^l,\BgBa$rllST'#. « 
2 0 1 -2 0 4 fc J: or MTF^tffiT-tl. 
2 0 5, 206 <7)SjagJ5ti5JtSB*fc J: otS 

mm>b%mmcomfrt>com3tbi ^mtnx 

imZ®<-t&ZttfX-Z. 0. 1-0. 5jumgjgO 

flt/Mmas i 0 0 . 1 u mW£UTcom>\-*mm 
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x) tiuu-?hztwc$z>. «iajfi«4co#tx >-v-fey^205. 206£. ±fatf>*n< , TDI 

tt*|6]O4'*gf!t^jaa5tC0lSt*3V , 'THag*>*(f (x (Time Delay Integration)!: 

o)=o. 46f(o)~o. 73f (o)) cmm)Xo ?&ztx\ tm.£*$<i-&zttf?$&. mmw 

nmii*ymjWzm}Zikx7D nx-v^w mo 1-204 tfcit6ft«i2 00 i*^jtnsti^ 

^<0«tfiffi2 0 5.2 0 6*><bt&ti£ft!,8tti}IS$fcfc -?TMTF j!p(H;T"3~£ (OizM'a^ itX T D I 4 jX-^'-fe 

ttsxitt^^^tH3^*^#^>iii.Bffift^a^ >-»^o«ajS2 0 5. 2 0 6TSiai-r-s.«iajs«4co 

tt&«s£offlgoi«»jfc^'#^fcfc&s. £ tiz^xmfev- *rmm*m^x. lsiw 

T. M»!«400tfiHT. KHE^iftl^yl 10 A*0«t«EH£3EIRJ:<00. 1-0. 5umWZcnm. 

Ufa&mZitXTD I >f ^-^'-by-9-^)^ajS2 0 'b$mmX 90.1 jumg«iaTtf*fifc>h&»l!j£<> 

5,20 6«>&ttiB3*i*BflMi9£7c£, NCDUM * Slg^T. fiogx;^/-/ r-TfcHJ-rii 

B&ft^ttftU £Offliti$*i*:ilBflMI^£J9rStf> 3HR*»6»fefi*x4f^v^— !T*S<ouvd (SSI 

l/C*ae*-*£i:**C&6. ftT'^SiofcLTO. 1-0. 5 ju mSftOftNHIi 

[0065] ffiS^ri fc ftaj*tS4 Wj^ffl <±H J: 9 0 . 1 ju mg«OT<9tt»/h3rl3fc * 

co/i«>^g{i. JJaHteco^ffiTJi, bshH*^ 10 [0067] #fSBgt«£±!Egs i ~~%4<7mk 

2^io4xw®nm£%z.x^z>t>K m<?*¥-m. tit 20 <^st«ji-rsH®«yigP4 0 o^ontt^it-o^-cii 

Xfcf. 10 2-1 0 4{CJ: oTBBBJ§c7)2»3t WS. 39g<?)»tt£*l££«i 1 X'f> h L S I HWfA 

m<mm^ih. hh\Mi. 2d&tm^mm-i>y~ jxx-h. zMiz%t>%\,\7'n-tx(Qm&%m\\ &ai 

'J x^m^firaX'^^ £ £3*0#&T'&o T i> X^tc J: •) . ^{iJSs 2 0 5. 2 0 6 *>£>fi£>it 

J|v\ .MftsioiiLTDUV (Jim®: S«ittHi^fc{f^^*iSoT< Sitt^rS. 

Deep Ultra-violet) ^-f«5-f 0 . H2 7 ( a ) (C^-fJ: 0 f-y7"7 1 . 7 2I3C9 

JfrTafctf). >f^-^*-b>^2 0 5, 2 0 6tLTDU ttJfrfSBiit. fcfc;tfcf7 3. 7 4<9fI^W<JHi. H 

U ^f^-^-by-9-2 0 5. 2 06tLT. 04 1 (b) fcjjc*-J; otcrtf-ycm&eMomi Mi-lf 

( a ) izjfit$mmsmT DH^-y-t y^&ffl i^s ^>jlsi <t)^ % * ^ y -&hrul sssskka. 

t. Alt3t*^*-^7X8 0 5$r®SL. &MI880 30 -r«0ffi(^«^fc') 7 5. 76. 7 7^t«t oT^did 

2<m<»7-h& 0 1 (;:*>6IKrJ? ( s i 02 ) 8 0 3 ^otffeoSfcSWriifcfcSr*. ISSWt, »f£>o£ 

5raigtTSiS«8b4t®^iUtCCDtAI»!t tfVhS&aa-CfcL «k 9>h3^JXft££t3-£S>h 

5S&^)AW3b& f ^L4 0 0 n m&T<9jfcftt;:** $&£RS£8iarc'# SOfcttU ^o^cogfrJr 

LTJggtflJfc/Cfc'SK. -c?)££-eiiDUV3fcD$ai Ttt. ±£&fi^fc££t3lt&*£&£|IBL*>&aj 

»iT#&v\ &Wmm.4 * - i^'-t y^T D U -C#«rv\ *«BBKffi&B«SSlS4 00<0l$ 

VmS^»Sfc»KJi. ^r'-h80 1 tiJttSK-ftJS lat-rSfci^tt. f-yTrtWB^tt^E-rSf-y 

8 0 3 zb< Lxmmvm&'yK^hm&h -mx-x^* (mmmm £*tu l. znmzmmn 

tX^WtZmrthkolzS-ZZtX'. sFBfflzLis* 40 ^LT^-TSidfcLT^cfcS. i*i(cj:9. 

aaw>$rvw ^-^'-ty-rcDu v^^^as-rs*^' tf^&^/h^v^Br ({Wi.{f^< ^ «j l s i * 

[0066] Clil^L. ^^-y*yt2 0 5. 20 $iisifc^<^$<i-s>ifc*i-e#. ^cofe^ o. 

6ttx. H4i (b) t^-r*n<. sifflg804« iumaT<mm%mmzi>®&i-hc\ttf*jmt% 

{CffijSLfcSBBiBfflTDM^-^-feyt^ffl^r, [0068] 028Wi. ffi&*!Uia$4 0 0 «0® 1 tf)H 

y-HBSoS:v^aw»fe**AS«-iikfcJ:-5-c. iS0!^^. B««ffliSI54 OO^l^UffctRHi. TD 

DVDfi^W^ 1 0%n&PXk£LXMr&miffi< l4*-V*>^frbm&%1\hAX-*J±>4)r2 0 

^-f-fSy^l'yiW:*<k*l. 400nmfilT<0* 5. 2 0 6 *^»«aiE^^«« 1 ayM#ffl<aga£Fi 
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&wmm^£AD$m-t& a/d^&sm o i . v>? vMvtzmm-?-? ts&uzix . mm (s^*-r> 

vy?co?4 $yr*JHt>x9-hxh*rm%&Bt4 izi -oxm^tdzxf— 'Jco^&t td \^y^m<r> 

mm^thw^M'mtM^A o 5 . mnvois xhh. t.t^ 42111 (flmn&a ) 2* 

o2^srmaj-rs 2simajiiis&4 0 6 s m^w^us * -riEWKiTh ( h ) immm^^mz^txib^ 

%ta-thn-tam4 0 7 , mh»4 0 8 . s tsfctfxoiMj^a-c&s. mt^m 2 1 £^t& 

c02S5ra^-rS2SftStBl5lSS4 09. s$r®^-fS IttioT, Jt8®S&4 1 4tiXV4 1 5*^ttitJ$ 

^tmHis&4 1 o . mtttx nm#>&mwi®iti4 1 tihm&*ambaiiiiij*M&#t>. BM**f-»7Vj 

i . lEwmm (±HHsaBis) majniBH 1 2. ana co®«fttjg«rrs. s A^M^-t & - 1 t^imt & 

«(TTH¥!jaai)»ajH»4 13. -f-^tU40 10 h. 

4&-mL&&ixm&m zwrnmimviA 12 100701 z\z\x\ m^m^y^m 1 7«. cr 

x^ftztix^zttfziEMmmtimLxmmvx rmoT a xtw tc^-rst,^ A-n^t-tL 

fig^f fl-^££li:Jj-t6Jtf»&4 1 4 . x-^^U TWert-St>0. /A-Kt**?. ^nvtfa?, 

404 fc-i§ieti£fi*:iaajit^-£ nmmfmtamm mmmm&. %§mm&. lsi^ij. l s 1 * 

i3xmii^tixm^^tifznmmmtimLxmim tytf-KtstciEfi-r&kox m<D$iggm±tziitf& 

n<m$:ijk-?m^ziiijj-r2>im®&4 1 5. ±sum i'XTj»&tz\mkTu*xmm*wm74 y&mL 

^-rfi^WLT»SBS«*s«ncwLTiss$<iJt tsi>cr>?t>z>. u>>*>. tti^S4 1 7ttt. ^muz 

im&iztsvz>&wjm&ttm u m(c»bqe*^«« «&g^«$3B«SE§gB«o^£ffliire-& c p u#if 
itR-rstf^t>#»tT«itfii£^ai*-rsttj^S4 20 thtix^h. zz\x. A/D^&s§4oi»i. tdi 

1 am^tit. ±feg*g/hBfe*iHMf&4 0 *x?3wiaaj2S2 05.2 0 6*>£>tfj7j3ft&fi^£ 

0 5£Jfl\,*5rltf§^ L^^ffiO^KOffJtitfc^T 6. ZLX. A/D»S401I1 WMi3&I%4 

ftHJSixS^TOBfftx-ry- (^BsSr^-rM^x-^t 0 0cD+OR-2«flT'&-3Tk£.&V>»i. fctti5fc^ 

-£tf. ) £fflt>SC:fcfc : S:&w:\ 20 OftOTD I -byi^<oeiJt}S2 0 5. 20602? 

jB8*>oS^t«ai-e#S. -£<0£ffi. .TcDffr£LJtL ^fc^Tkivv, 8Jaj3S205. 206c0iS<fciJ< 

mozbifix-%%<%t. mtttz^mmco mwh&~-%. m^Wky-^m^mt^t^oT 
■r saarcfwrs - 1 tfimt tnh . l# 30 [007 1 ] ,r,r-c\ Bmft£BB4 2 4 tit a fi-^sa 

V^j£t^!K0«SlEfc^'J5-f Sflm:^VvC02 7£fflVvtSiH8-r6. 02 7 (a) 
X^-T-y h#£4^(C&>0»&£ 9xv\ 1 ±<0?-yT7 1 , 7 23?«II?iJ0!|£^L 

x-yT^^&V^imi. SSO^ ytM5 £<C9LS I SBtTli. iit^^-yTli. |f- 

^ x9-vxY ?7%&?m4\t>\,z±*)^-?W) m.(2&e>4m) <ryf-v7*mm9B&t&*&t>i> 

[ o o 6 9 ] &fz. ta^m 1 7ttt. *^BBfcffi-& f-yi>mftztixu&. u->x. z.Kh<r>^ -,-?<m 

tlX^Z. -eLT. 406-41 l^Tti. f-«yTrt<0 (f , g)tf>#tf)H*( i , j )£0fl^£ s ( i , j . f,g)t 
0r^a«ft^Wmffi^(^o#<y^i6S^y>c7)tco 40 -fl. ISiOXoiz. ttjmmX'ii. m^UKMZ-^t. 

xht. tlx, m>^tttzi~yTftnmimmt<7ffl -th\i.-?xb&. 

mmnwx^z <**7tiziEmmmiii®&4 i2tn [00721 La>L£a*<^ lagttt. ^»c=3:^>^^ 

W3ffl^:ailil!S4 1 3tioT. M^coMfi^-Tft ro-bx^S^^rSv^ «!aj^oy-f 0. 

^•5:ftai-rSJttf>c0jEffli:flffllWfflffiTh(H). Th TiaoitlE-tSB^cO^ajfi^s ttf f>-o#*s*tSi 

(UA^^nS^tt^S. iil4»4 0 6-4 1 3* tliZtch. Lfrl>. 1- yTWz}5UXi>. 

Xtf. H<i^IHSS4 2 4fc^. r-^^t'J it*^d^0rT\ (f^>o^*5M=5:S-fctc^S„ 

4 04«. im£0SS4 2 4(,z£ixmmff£fezti x\ mzn?t (m.s ) mzgri^x. + yT<nn&m. 

htx\ m,Ti;?mmi^*- j mmix&< t&> ^m^m^s « i , j . f . gj^tf (g^fflii 

coi><7)Xb&. ttz. mmmms.uzttLxi&fe$ a( S . f . g )> i$wifTh(H). Th(DM 



<*(s(i 
* (s 
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Th(H)=/i( S> f.g)+ml 
Th(L)=ju(s. f.g)-ml 
ZZX\ Th (H) «i. iEfi!lcOBM«ai(slffi4 1 2T& 

mztixmizti&mm. Th(Da. jurora* 

j"(s. f,g) = Zs/n 

0ft4O7ks£«#t-£«#|I]S&4 1 OfcfcioT* 
itiSfu n<iffl&#?yh|H]ffi4 0 8kftiHI18N 1 1 

fctci-5Taaj?tts. ^(s, f,g)«. rnz^-r mo 

<r(s. f,g)=/"(Is'/n-Xs/n) 
Ss(i.j. f .g) 2 <i, fi^^s^2SI$r^ai-r 
&0J&4 0 6 fc s c02«S-a^1-|,InIS4 0 9 kfc <ko 

j£**&^k:#;i<o*l6. £*lHU 6 <yja±<03&±i|$ 
lxlO<D(-ll)^g®fc=5:Sa^T-£>S. 

4 X2 x 2 $?nyT&aiL*:llfOfflm&#7 x 1 Off) 

i onrews*:*). c:oL§v^Srisx.i.g mm w 

Th (H) = + ml 
Th (L) =-ml 



2000-105203 



40 



j, f.gh f.g) 
j> f.gh f.g) (St8) 

f . g)«. <ftz5jk-t (&9 ) juzm^xnttiz 

tiSI^s^f, s<?>m£$ziLt:m>¥imX'i>6. 
[0073] 

(»9) 

(Si o) ^fcS-^v^tBS^fi^swf . goffi 

6. 



20 



s . f , g)UU (ft 1 2 ) *fc»»T«B«*l 

S. XAsli, «*l/*WA s 2rgaJ1-S»ajHl»4 0 
7kAs*BMW*«ji'H»4 10i:fcJ:->rJKlSS A 



(»10) 

A [0074] B4fctt. B«*&JI&4 0 0<0l&2CDfltt 
4 0 2lz£ ot 1 *y r*>M«fl»*aBStf» £tft«& 

a@jK4 o 3tt\yx+v7mnmvM&Hzm&A s = 

<s(i. j. f, g)-s(i, j, f + l, g)}£#| 
ftii-hZkiZbh. ^t, ik«0S84 14. 415 
fc&ivtli. io3KHi^As= U(i, J. f. g) 
-s(i, j. f + l, g) ) izttLX&lZTF;-? (Stl 
1 ) 3«*3*i6JblHBMrrh (H) kTEBIttTh 
(L) tJt«^aT^!B!i^)5diia?:^-rtl^*««ittJ?ii 
hZ\kl,Ztch. Lti 5 -)!. 4 0 6—4 1 3cOgffi^5£ 

msstcfc^TJi, ftic^-r (gin iMzm~i^x±m 

BMTh (H) , TERHffiTh (L) mfcZtiZZk 
[0075] 

f + l.gK f,g) 

f + l. 8). f.g) 

(mil) 

nnmm*»h®mo8tmi®&4iiktz 
*9ntt& 2fmtamm o 6 k a s <o2sisra^-r& 

2St«#HI8&4 0 9 k fc J: oTgiUSflS. 



<r(s(i, f ,g)-s(i. j „ 
a ( s(i . j „ f , g)-s (i , j 



tf(As, f.g)=/(2As'/n 

z\f)£oi,zffl%i--yTcDmmi$LAszm^&zkx\ * 
v7ft£t5\,*xmtimm^izmiZiiLx\.ri:i>. m 

flfsnSkSrS. 

[00 76] fck*tf. ^J^rtT. 
fflt|6]*^TSKWtcrn-fe^fr*5S^o<:^. >7 40 

fcSft-rs. -<0JS3L (S8)iCtJ:SSIfi^fi[aiT 
li. <f*>o§ (fi9B£<r(s. f ,g)) #*#<®aj ♦ 

Th=ml • a Cs(i, j , f.g)-s(i.j, f + l.g)|. 
ZZT. !As!li. IfeJMi^AsCOje^ffl^Sl*^?,. 

£<w&£. m29&ixm3oiz7tt£%mm*. 
mi-vrcmmmmm i as i sriRi,«wfiii^ 
nmm403 •k-t&ztizKh. tfz. mm%m 

»4 2 3(i, Sfi<0«ytfflTh*^aj$ilTIS^$tiS 

iktc^-s. imm4i4iza^x. m<m*%) 



-ZAs/n) (S12) 

m^mr>\ih->% (^nm<j(As. f , g )) 

^fgWi (S8) *»if**<*<, SHWiS^tc/h 
^^L^v^er^ajTirig-e*)!.. *i-c. (Si 1 ) ^ 
*j itf (s 1 2 ) ^.t o fcHttttA s tcs^-cwai-t 

SVtiO. J:0(Sv^<;KoL§^ffl^|<c:k^ 
mkT&i>cr)X'b&. ifc. C<7)#^Sl#*ak L 

t. im^^^i- (ti3)st, aasLTtfin. 



f ,g)(S:i3) 

ai^i»^kfc^„ 

[ 0 0 7 7 ] . ; OJ^. mittf- -y 
id«ll«y< I As L f ,g)Ji. »:(c*-r (Sti4) 5« 

(cav^rmai?^. e i as i (± % ^u-^ i as 
i ^ai-ri»^aiiii884 0 7k i a s i 
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W4 10kiz£-,X»lii2tiZ>. 

<J(I As I 



(22) 



f ,g)=V" (SAs'/n-X | As |/n) 
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(814) 



m3<Dm&m£Mix. **u<as=i>'M3-74 2 2 
2 2«. mmm^sttiim^m^^s^m-i^^ 

®&>>C>mffi£0Z*#>2>Zkl>-5jmt%Z>. 02 9 
#>\ 25flO^-yT^jB^*^g^iill^*y>l.^t*>- 

coo78] -t^T\ m3e>mmmco£oiz. 

Mnyho-54 2 2#. Xf-x3ybu-73 0 5 

%s®ua 09. «g[aiiiiS54 1 0. t5£xmm.m4 

«^>&fLkfctetftf-6. dOffijftKi 1 ,. ->xy« 
T, -59T^-y7ia*^<,^fci,g^iillEai«-9- 
1 3tPT# , S3ffiS{tiIiIK4 2 3 

[0079] I3ULWHU: J: 3 fc. j»M»l!»4 0 3 

tz. WtmZMiiiLt&m>Z>. »ffiS*ifc«WH6tf 

* 1 x l oco ( - 1 l ) miZ-thtzibUt. -t%h*>JE 
a fc-$-*fctf>fc:{i. #1.6 6fS*# =3HS 

02 9fcJ:tf03 Ofcfi^ J: 3 tf- yT|*l<7>fifi ( i, 

j ) 4>BKfc>Wt/l'£L&kMff?y7'2: LTgaj-r&Is] 40 

mmtam4 2 3 t$^x mi 4) ^tzmwcn^tu 
5iz&^x»ftzn&mm^cr>iwmcry¥imx 1 a 

s |/n*ffll\ t»ajB«fi^s^^ilBMi^As(= 
#t«BM3Kffi@R4 1 8{zX*)Zti.t>0Mcom ( (m 
1X<t) + £ I As |/n) Sr^S^tT-mai^fi 
4. £0t££l±. Xt-v'30 1. 3 0 2*Jj:tX-b>ir 
2 0 5, 20 6ntmh*e>W.ftZtl?><mT-f ( i , 
j ) KJStT. ?v7£®<7)&Wm ( i , j ) 50 



*S*t'J£}#o!3tt-?-y7lg*«Hfg4 1 9rtKlg*ft3 
*U SlffiV y7-HJ^#g (f&P#&30 4 2 lfciOx 

*#&4 2 lfcfcwc, RMSm4 1 4*»fe»{BS*ift 
S»!s^)^RSai^tii«v.yrt ^«^LTBiffi*q«0 

•yTOffi#^ai^#a4 1 7KllflW-4ifc(cJ:-jT. 
Jt8BJ»4 1 4*^ttaj$/l5^«^50iaaj*i:iMI 
77/ti Jftt-T & - k j&wjtB k =5:4 . 
[0 0 80] -TOBWI^Wi* Tfl!l<0#fflfcWiILT 
v^fctf). fck^fFlftfr*. H9jBU^~y*<W», 

fuiztmtmx. zcomitfhitzQmommzi&k 
2 1 t^-ts&kx-caj^-rs £ t \£m<nh 

[0081] *>Wz. Mfewft^-l^/UsJi. 
ffl+ffltt) T'fctSK. il^As#,r*U:3*:&k#;t 

[0082] ttz. mm^m^tiizimcormT-^ 

blXii. }M<mm<r>VK}Vtz\iX^:< . bhfrl 

fc»(=fi, ^n^-^i^aajsn/cf-yT-^xyr 

VyrJr^t. C:Of-yTrt«0JS®*^BifiT-^O 

zk<r>mmb\^mx\ m^KLx\^Lx^fk 

■yTO-r-i'SrKO^T'. ^O«*»fe^«y7*rt<0#ii 
*r k fciiffit&£|51?&4 2 4 f^ffli&Sraj LT t> J: 
icO|gC:<7)i[ai(±. |B|-n a pa^LSIWH-XgTJ>^ 

*>t*>3raiu *<7>fe*^. «aE^tKfflissniK4 2 

4rtc7)|3ffi^qt«Jfc^^T. it^lHlS&4 14.41 
5 fcfc < &«-^K;kkltK-ri,^j£T 

D7KI 34S:*^2 5&<r)*7x.j\) rttcini^ait 

ttfi^L. ^x/NrttsaiLTt^u. 

[ 0 0 8 3 ] =Srfc. *H93T'(i. ±StiftH|J L^rJ: d lz 

L$\.m^^i4^i&<7mmx'$zbz>tzif>. iz^mi' 



43 



10 



2l#g4 1 7-C*SCPU<±. ^^O^Sr^-rft^ 

tz. S5^¥S4 1 7-C*>&CPUtC*tLT. CADv-X 

& ^ & 6 U40 2 U: i 3 -x TrtOfM 
3&fcS«Wfc, Ji^cO^RBtfS 

-**ttbffc. JJEOTiftOft^l^/ML^ttW 
*>£T&<0*tlt£S^I>^a&L Wmfc. *y 

CPU4 1 7B. ?-yT:£ttfcOL£^ffi 
W<^£Li^ffiV-7TfStt#l&4 1 9fct8tt£*UtL 

-rs<rfc#T*£&. ZZX. £aL&»tfi''^i4f»60 

tf(As, f ,g)=y"(XAsV8-XAs/8) 
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dOJ:3£, CPU4 1 714, TJMWfcttoJfcJ: 

[0084] act. gsg*!yi[Eis&4 o o 5<nmm 
fcotvc. m3i*m\*xwm?h. im*>. 
mt. KSf77»f-^ (&ant-^s) cnmm&s 

mm£o (As. f . g) ) £-$)bz>i>cov$>h. zv> 

%5<rmm\t. M®**1>4 2 5, 4 2 6, axx/v 

>V7y4 ymmm^xm^ixi,. a 0 6~4 i 
3izxo i 74 yv^'p^cm (As (i, j. f. 

g) ) £HHVtJfSaB3l<0ffi (As ( i + 1, J + l, 
f . g) . As ( i + 1. j. f . g) , As (i + 
1, j-1. f , g) , As (i, j — 1. f* g). 
As (i-1, j-1, f. g). As (i-1, j. 
f s g) . As ( i-1. j + K f % g) , As 
(i.j + Kf.g)) tZtVX&xt <ffcl5)5S 

tsv^T(f^^tf(As. f,g)&maiL. znmm 

$ft£«£»CgOffiTh (H) % Th (L) Z&iULX 
[0085] 



20 



(St! 5) 



30 



*LX. HM^m 1 4 „ 4 1 5fci>Wt. 
SfflTh (H) . Th (L) kftWJ yY*?<n<t>£fr) 

i(As <i, j. f. g) ) tvtm-zztizxm 
w&omzto\£tz> ..zz xwj y y ->im 

&?Lt>^Lfci3&3X3T'&£&g«i&<. 4x 
4. 5X5. 7x7^ffi£0A§$T-*oTt>J:<. hh 
v mm&cr»y jyv Xlzft LXMiU-th X 3 Kfll 

W^;. mtimixi>£\,\ tAyYWJXi^ 
®&t<zmmjx. bhwzmw-yw- 

yffitt.lz&tXV&.Ztih't.* i><r>X't>& . 

[ o o 8 6 ] sbhsi84 o 0(?>wim&.<7)mm 
*mttw&com6<mimiz^xw>Jii-&. ±ie s 

s s' =ss/(PI • ND • k 
Z^WUZlXW-taWzWEm^U^s s • SrfflV\ 

tmm&df ( SS ) tzx^mv-jxcizwr* 

d = df (s s' ) 

ii-c. mzmtf'i^ Mi eutacoaia^ffl 
6mzimtz> t ^mmm^xi>&\\ 

1 0 0 8 8 ] ««L*!U1[1I»4 0 0 (CiJ^T » «S/h 

zbx\ mmmmm o o <mm^thmmm ^50 



S{ (gC 1 3 ) ^t«v^T*eWSS«Hffl& t, d tts c 1 1 

j: 9. lsi sj&xst-cos%^ s v mxs&m®*M 

iSBTW-fc-CS*. «*ft^J!iailIffi4 0 0 
UKjU) ) <9[*L CPU4 1 7tCi>V^T. ft^U^P 

P 1 . ND7-f;^-C0fiND (%) . ffl3t«<0^r*|k 

(* o<o«^i , mivmiti ow&m* lv^) . t 
m<r>mm r b . k^is^ss iz x &n mm ( t ) 

t IX. WTo (me) 3Hzi OffluESn^M^^ 
yl'ss' Srfflv^fcfi^. piL f/t«7-tt, HgHja 

*P1 (x) $rfflv^t3^fcJ:u„ 
rbk(t)) (S16) 
40**g4 2 1 {Cj; *)$&k~rZ>Z bffX'ZZ. 
[0087] 



(IS17) 

a 1 4. 4 1 5-ra. &-fLm'i^mtnrai%<. ± 
z%b&wm$?vy<omiiz!Kff^tmmicr>gm 
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fP§-K/Min*Sfc&9. if^Zttnob**). S 

**{rc«as Li 3 t^rt t . m^m^^ts t & 

0. {f4>^Jitf fc&D. s/NJtte. s/ab%&. 

fifo?. ;yi^*£$fcffl^l>nB*XnB*tf># 
<frCflaiLT#A2^g£^££i:fc:J:oT. S/N 

ft/MH^^-ai. iB*#ftT®ai£*i.&fcajii^ io 
tniix nB*w#ci[-efljj« LTa*i&*st££-r s 

fc&9. S/NltJi. S/ntffc&S. ftoT. IB* 

S/Nifci:LTl6]±*«S. 
[0089] ja±SJBB t *^HJte**Sr J 5 £ . 0 
52{^-tJ:3fc. B«^*»J4 0 43!»>£>*t£>fU>B& 
ft^£. ^CRI*'J^^v:^B*#fiO-9-'fX$r|gxA:a 20 

stc7)^w-^5 2o iwm%.&<r>*'<.v- 

9 521. 3 X aB^O^fi-Cfljaj^^U-^ 5 2 
2 » 4 X AWkn^Xm^t^l'- 9 5 2 3. 5 X 
5B*<0#fflT'«ai-r^^-^5 24. nXnISW 

JiMsmotK-t*^-* 5 2 5^*^eiB£$^«.„ ) <n 

M L-T 1 B^^oeiaSfg^P^/PSr S 
fcUtfc#. S. 9S. 16S. 25S. n 2 S<7DK 
;K^>Pgp«^* J 't'^B«*^a}*$itS^i:fc^l > . 
flfcfr. J&mr[US854 1. 542, 543. 5440& 30 

*«. mm^mm24commm 2 3frt>%t>ti 

5L§V^ffl(ml • a) £. 3fg. 4fg. 5fg. nf£t 

s. z<mm)L%^mmti3. 4,5. n(±. +'frfii 

At«Jfcm§IR5 3 1, 532, 533, 534. 53 

5<7)&*iz&^T. &*^u—f£is\vx&&&*ffl%. 

m^fifzVgm^b. L&VHI (ml-tf) {c#LT 

3<g. 4*g. 5<g. nmztitzLz^mtimztixx 

SrS. BD*>. lB*m<2^^/J^fcovvtteJt8 40 

ass 5 3 1 3 x 3B»#asso^^ zcomuz 

OV^T«JttSIHS55 3 2*^ s 4x4B**fiSg^ 
#$WM!l*I^^TJiltl!illl885 3 3*^. 5X5B* 
£Mmmcn±Z S W^fco^-CtifcfciRlHlffi 5 3 4*- 

s>. nxnmmmm.(o^^m»^^xiiim 

m5 35frt>&lii2tl&ZtlZ%&. f&Sfl 
@S&5 5 OTJtKE885 3 1-5 3 5<0#**><oSiaiS 

timm^i-m^wffimizb&zbizx^x. a* 
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#9 £#->£*£&l|!H!l(covvC t>lflfi*^|ii]±S*l» 

[0090] n^s&anj^os' oftt. ijfi 
<o j: o \,zxm\fe<r>itfr<rmm®.<nw x*$mx-% 

g. mmm^zmttLxsiD-r&xotz-ttitf. mm 

8&4 1 4*^{i. ?8!LfeIf*fiWXt:^^^ 
S-f6^fc#£gfc£S#. LZ^mbLXlXEmte 

m&2ti&zb<,z%&. tti. lfea■«®I5I»4 0 3 , 
4coieis§M* i iK&<g^i:-ri». a*. affii^iii§& 

4 2 4 i: LTli. S&gttT t> «fc < . i^Hffi^lHlSS 
4 24<0Bffi®SH2 3*»£>®£>ft.6L#V>ffi (ml • 

y>Ti>±^. fcUMLfcidt;:. itfSIUBH 14' c 
iz-SbitZ z\biz£r>X. mttim^lsO^b LTI±/hS 

[0091] mz. *%wiz®& mmnxf&m$m 

~04 6S:ffl^TiiHB-rS. B|l^ 
^^RSSBiE^Si. 04 2 fc^-T «fc 3 ^frtiJ LWy- 

friz**). tfm<mrZti&. W*>. CPU4 17J4. 
^f»/7S4 1 IZ&^X. m*^m 2 1 04 3t 
^•ti d ^#8*- KSSlfflcOBffi^^ L , Jf-<-Jf- 
H J ?>V^X^<0A^^S4 2 62rfflUT^x>»Nrt«0f-.y 

t5kXf1- '/7W%\>ym<0l-v7W<t<DT-?) S4 
11. *fr«fU*-K (a. x'JTffiSfc. b. gip. 
c. JggffiSfc. d. ^JK^ftSS?) S4 1 2. 

iwaK(a. mi =6 -.mtmjmoox. b. 
m i = i o : mm&imoox. c . m l = l 5 : JS 
«^«*oo%) S4 1 3m<r>^-^mm-th. & 

ft«Lt-KS4 1 lfctHvC. a. X'jr@3fetJ4. 
^^.<f!iB/l3K^N-V-$:^< -Tl. i i: tc J: 0 . Wm*- 

J:v\ 04 5ttJ^T»i. x'JTg5tt±. ^TOiB«*» 
<i,2. S/xmgS^M^eBlET^S^-^^LTV^ 

[0092] b.gmtti. wmcmssx-ma^m&x- 

ZhmZk^-VX-bh. 04 5(Ct5V^T»i. 
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it. £tt<9«!4ffl»«99 0%gjga^l . O^mgjgco yrS4 2tM->THJS^S7 -f ^ 2 0 2tf)^5££tT 

^#«BiET'#. L*^0. 2//mgJg(7)Slfi3fceQE &<r\ YE ScO^(C(i<fo7)Xx-y7''\jity < , £1^7 4 
T'#6fgg*:-K£iSLT^£. 2 0 2 fc LTJi, jfefr^-ytfH&ffli: ty^-i:* 

[00931 c. !§£ffi5fcfc giJg*- K J: St <oft& i 3 (CflKSfL& . 04 6 J: 3 

mz&mx'Z&xoizmmzmKthZoizw&.itz ^-755-226. &&uyx227. 

K*\ J>SV^±^LJt«aj®SJr5|«T'# S J: 3 V;M 52 2 8*>£fl|j£$ft*:£ia7 ^ /k? fl*0g£R 
fcl^S;h*8SE^*-KTJ>£. 04 5fc*iVvC h'-AX^U >y? 2 04 fc£H«Cfgj£U:i<D2 

»i. JMBfcli. miii£ft<7)til&Mmcr> 7 5%gg*»£> 2 5 Sr. *QJ2 3 OT^i 0 £^£.iir££fltl£*- 
0. 5jumg£<D#|!B5#8^T'£. L*^0. l//m^ HD*>. ffl&#Hij£8Sai-tSi§£KkL t*-AX7"'J 

WM^1»*T£6t-F£*LT^&. 10 -y ? 2 04 £&ffl3fc«to£figftW\ £197 

it. mWtW7-&±l,f& ZtizX*). «aHMXi& izWs-7 *7-22b*ms%mzmtti J fh±oiz 

jtemfcztuzmva* ws^n^ (@4 5t:ij^-c ffl#tscifc^s. zlx. nwm^izit. 01 9 
it. 0. ljumgjg) mftx-z&xoKtimift. s> (b) iz^-ttmmizmn2o S Lmzmta^tiim^^ 

ZWttZfeltz&lii!mm4 5iZh^Xit. 0. 5ju *-Vfc£tX®i>r3fc£TV;^7 2 2 8fc e fcoT»&-f 

mgg<7)^#ftaffl8rC7 5%Jil±) £H»-C#&U I.ClfcfcJ;oT. jg^^-yofifflttr-yf-t^nwf 

^W;:MHJBfeD^7-£^5&tS. mW£t&£dlz&bithZtWTZ&. £lz. TV 

[0094] d. m&m^tm^itit. ±ia3o<0t- #^2 2 8<^g£*l$2 2 9TWJ:3K-r<W-.r 

F-Ctf)«Gt8£5L &MtoT'y7T*J<OL#^ffiVy7\ fcfcioT. JfeSBlEJt^SStfcttSlllB^N^-y^ 

&l>^»i#l«!IcD-»MX (L^^fitc^H5i-5^S) ^W&LxmtW-Vtt^iz^ux^fr&hZ 

3&k<0£2HR-f£t-KT'*a. ^Vrmftimm [0096] &tC. CPU417li. ^f77S44t 

^V-S-fit^T^^S-y^Uy^SrSy). m fcwt. L£^ffiTh£^^£7t^g^ffl||<*f;:# 

S£®5fc£fr < WaioT . B^iO^V-$r3Sy)T -TSfg* ( &&) m 1 £ 6~ 1 5 gg<7)£HTA:fc#8 

* r -fT5*?l'5'5>*ft<l/OK£l:fc$r*. fto 4 2 6£fflWtA;frf SClfcfcJ: 9^5£t6. C 

t« L^V^fflV-yTtfeV^T. X'JTg5tre-K<0%& PU417fct X-f-y TS4 5 fcfcWC. A7J*S4 2 

5//mS^i;-C^^!feL^«BlE^;t*ST*#^V^ S HJ-«MX<7)JgSgS4 5 ltfff&irfu ,Itf)flt5£3*tfr»)- 

m*- Ycryg&tzM. 04 5 ta-c^^^Mfe*^ 4 x^m^ym^^v— fw-znia u ^<rm. 

ibX'Zz^mit&im&mmiiZKZ&tf. o. 2u ta^tuzu—^/^p-iz^^xoizu— rxmioiz 
mws.<?)m)tx'®&x-z &zttz%h. ms.mt^- 30 ®we^4 3 0 c j: tsiw-s £ t -> r^sg$*i 

Y<m^X\t. 04 5(=fiT'f^3*l/c#lfoa s fca!T'£ mz. CPU4 l 7(i. Xx>y7*S4 6fc*iVvC, 

z^mtt ziffi&Mmtmzmjct *> ztiz%& ? >y r<o-at& s v m&sxo t § v Mi£ imt&titb 

0. lum&g.<omi£X'til&X'ZlZ.tlZ%h. Kc t> Vxj\_t%7& ■ tiEtt. Hffl^tii¥S4 1 8"C3I 

fe. L^v^tthxh^AWi. ®Sfc*frSBii«Jt* tU?^L^^tt-7>yTS:L#v^fflv>y 716^84 1 

471 t*0)mttm47 2t£*LX^X. Mfl^fflSr 9{CtSttL, 044fc«ktf04 5{C^-TL§^ffl-? yT 

^LTt>J:^. L^v^WfliflS^coS^i. (L#^ffiB&) . *5v^«L#v^fflt7.h^A (jg 

WM&W&frt>ff%oZbti<X'Z&. m*>. lulSLfc . bhWtZWtAY7yJ* : t:mftLtzmx*m*L 

SP< . L^^ffl*^HJBfil«0U</K?5Jf^O§ <T*>^g tzh<T> (04 5 ) 5:. 3sj^g4 2 1 (C^U. 
%.ZtlZ><nX\ K*mlt:jetT^^^li^OO% 40 5iXitL#V^ffl-7-yr^cSV^TL§^li*»'B>fllcOL''< 

igfc^S. diltCiO. Jtl8<0&£«t$fc£tfcte$m gt. NO<0^WiXr-y7-S4 5tM->TBJg«iai 

[0095]»:fc, CPU417J1, Xf77S4 2t 7fcitt?Cl fc^l. . 

fcv>T. m{^ixtz^xj\n<nm,f^-ym&izmt [0097] mz. cpu4nii xf77S4 7t 

tzgf37 4/V9 2 0 2£¥m£tzit&mX'mfeL. Xr fc^T. »>xy\^^^EL. -a5tjt^aiT<^ 

•y7-S4 3tCfcWC. 046fc^-fJ;dt. Sg^7>f «*«Wltf. ^fci^TJi. £<0&tt£#t«E{S8 

5ie^^2 2 7tjJ:l/TV*^52 28{cJ:S®{cJ:')a ^iL#V^ffiV y7cOffiffifca^v^Ti^rS. ^ 
Mffl&£fzlt8mX-VmZ'tT&\ NOcD^-WiXr 50 Xr-y TS 4 8tt5V^T, C P U 4 1 7 
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mtiKH&M^ ^^m^o^b^tammb^ 
m<8$im2 7izmtiZti&ztiz%&. mz. xx-y 

*U3fc3*fs&gis&st7 o o *m^x9m<r>mm*%M 

ttfx'zzzuzzh. mz. wm8mmx.i±.<r>r 
^ti^m^t^mmtEt^ztiz^. xm. 
whh . tlx. zr-v7S4 9 izm zmmimiza 

V^T. NO(7)i§£-{ekL Xx-yTS5 0t;ii>VvC % i§£ 

^$tt^f77S4 5 KM 1 ). i^S(Ci5tTW— f 
v?7-££;c.S. YES^^Wi. &frtlLtf%7-r 

[00 98] zzx\ ±isM8i. -®z?mLxi>. 
hzwimfrZAtrnz-x *> k* { -e# 
a. a±m\Lizxoiz. mmmtnL^^m-^ x 
<££> izmzwm&fctibcowisiizmiz. 

%ffl3X3T%0ZbtfX'ZZ. &;fo\ Xf77S4 9t 
fc»t£3fc?«g&L Xf-y'301, 3 0 2*ftW£: 
b IZi *) , 04 6 (C^£¥«««fi 7 0 OOtftitt* 

gs»7 o i wfigtc. wmmm±-<m^ Litm> 

as. *5^<o«ias^2ooT«. «»{&g<otstfc3re 

(tttamgfpj&Bi o 2~i o 5x-\t. macs* 

#>) , mgcomimx'ii. wmxw^m^^. * 
zx\ z<nmwmmmn o o«. mnbxmm.m 

Uf^ 248nm s 365nm s 266nm, feSWi 

*tthj&}kx'^hzbtm*u\ m-h. mwm 

%&JklO OJi. ZcoXdiZ. 2 00nm«M!S« 

wrm. vmmmmmz^mmm^ix. m 
m<ozm4x$immz*>t>tz>). mmomm 
mb'z j mtzzbi>*im%&. m^eui. 
mmwmmi o o<mm^t. mmbtmm 
wmm$m%&3hbm4 itzj&wmmmm: 

TDI*y^k£*^6®{iJ7£W0 lk. Wfc&clt 
0 lOTD I ■byVfrt>tilftZil&m&& A/D 
^£k'£fT&3B{a*!UI&7 0 2k. f*ffi&«UI&7 
0 2?A/DS»;SiifcWRfc. «S»aiaIS&4 0 0*> 
&«BS*ufcJiai (fmb&htihi><0) (0imT~9 
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5 0 

r Hv^fcEiwiWi^ t y 7 o 4 k . 

*S^43lj^«7 0 3fcTttlJfc5*l.*. ftiX. & 
tcO) (Om&T-lUzmvZXf—iSl 0 1, 3 0 2** 

LTWJPtiikfcJtoT, 3t^l^8SM7 0 0(cJ: 

7(c»ift**ifc*ajiatoflait. %&wmm&7o 

OcOSHrttXx-y30 1. 3 0 2£8»U*£« 

10 ^ss^7 0 ofcj: DSHrtoBtftfrSiai LTft^a 
703 ex*. ht< itmm* * u 7 0 4 tmtf 

as^SifctT**. a«b< ; EU7 0 4tc<g*«l 
£toir-?kt ^*JftJHiISft4 0 0^CPU4 17t: 

utt-r^k^TOcu «Koa«)«aaig3b»4>i^is 

futBtfer-? b&t,z®XW&-t&Z bWXZt. Hfi 
C LT fc . 3t^«^SiMM7 0 0k LT(i. _h^aM® 

s^*i-swaifmsffl^ Jja»ittfi*»i oosr 
20 mmsm*. msmmmm^ ^m^mmx-h^th 

[009 9] ±IB*ftfc'Ltfc^T. Xf77S 
4 1 iZ t>tt Sf - -y 77 HJ -y ^ X k . -y T S 4 5 K 

atcfcA^. ) <r)XJjm&\i. &tvzLiztivz>&m8L 

^fr-C&S. ifc. Xx-yTS4 3tt5ft&7^;^ 
flB. XT-yTS4 4fcfc(t6^ml<r)|S^ Xf7 
30 7S4 6£gft*J8Kfl& XT>y7*S4 7tCt5ftl>^ 

9fctj»tsj^fl^Hi, ^T^a^^ft-cas. * 
bWXZ. LZ^mZ'tei <?&Zbtz£*)Z>J? 

namubxh* mmme>msz&&rz>zb#x'$> 

40 fP)-t«ot:i4<. 

[OlOOl&fc. 'f^-^'-fey-9-2 0 5, 2 0 6*^ 
IWJS*l» A/D^«|||4 0 1TA/D^«|$n-CB« 
^°EU4 04 tc|fi<i$ tlSSa5L36B«A^ C P U 4 1 7 

WKJLT^S. ffiH>T. CPU4 17(±, U— f/N*7 
«QEl«fW<i3t«2 0 8 , 83817 * ;W 2 0 2 , HHH 

m&4>i. <* m<?)%tttzmtx&iiizti&mEm. 

50 k (t) Srttasm-tsstaitSikfciO. WEStl 
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mirtZZbifiX-Zh. ZZX\ CPU417J4. z 

M*->Mry-*>-2 0 5a, 2 0 6 ati-DTftitiSit 
* U 4 0 4 fcS1S$ii-&«iaiB«fcfc«t-S^B) 

tm><7)*zzi,z\±-M<Dmm < n.t>ix&<?>x\ cpu 

4 1 7 tfBfc** U 4 0 4 KfdSSixfclfciJB&A^g 

mt?hztm&t%&. mz. mnxzzvo. 

13jum~~0. S%SrS-TB« 

<o*# z t wmm& z. t izMft-tz t tfx-z . mm 

■k%% (fig) *«&t*ik*«ni*l:*6. *fc, - 

-^mw^zxhwm^xx-m. K-ym^ow 

BP*>. -ooB*fcA£*& 
TftoTi. 04 8 (a) tcSrfidfc. /foFOSrfH 

TtfOota <&&L&vHte>ifw) 

ttfX'ZZ,. Z<DW&. H48 (b) t^idt, -Y 
^<-^>~9-20 5, 2 0 6<O^N*-^7X2 2 0 5r# 
£O&0H3 iZi-tZt ?, W-tfy X 2 2 0 <0*ffl 

«ffllflW»6 JWrt-f xm^k^Hz-fh c b 

[ o i o 1 1 a*:. *mm&m®mmz£ m 
W)%mz^xwm-h. m*>. mwmat. mi 
\t?4 T$. v?\syi;&n<ti#>iz. xyr®5fe. m 
m. &&m&t'<D£oizmm.w'7-z±$<Ltz 

&ftkWm<r)£tt-t>\^<Lti0iftX\ SWftfflS 
l<7)fliS£8etEU *(V&$:Ztt&mtLXCPV4 

1 7iiai^-r&t(0T-*>i.. cpu4 1 7<i, 

0«^ll£#*&K*^LTfc2^IIVy7 

v-yrta. mkmMmLiMz&^xmimcom 
ffmmztifcimimiztMV)-?—? yhttfz 
mm. ) z&ij-t&zttfX'Zh. ttz. cpu4 17 
a. v-yTx-KK. mtoKDjmvx}*. b^mmvw 
mmm^i''<Ji>%£*rtvxh*'?-yTX'i>£\\ t 

z$zttzi><7)X'i>&\\ 5gw±. mm&mootzx 

tmtJifoal* <t>l (-fc'oiStf) . i>2 (-fe'ofcf 
tr) <0&fl% «3t«2 08cr)m afe.WI5 0 0iW 

— mHPH i o o t m^hfkmi^itzmx'h-yx 
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[0102] ttz. CPU417(CtJ(tl»«ia*ffit>. 

mi.<7)ti&3itt-xim ititmvffiEZtu-z&ftm^i' 

nx. msmizmimmfrmjximiiz (-m 
ttz) m&?b^xt>&\,\ mtn. H4 9 a 
t:. xntc. i^-- ifsgBMi ootcksttasm^^ 

ss't yttfc, SH^BgBM (6»M5OO*0 

10 s' h-f&. ^ixt:J:0. ^IS^LJtiUly 

iztmt&ZttfX'Zh. *LT. ^c^HiJg^i, n 
^tf^fcStt^fc&S. S!l^BB^i:LT. 05 0 

fiS^FJfi^S1?!)4 9 1 X'$> *) . y </S x^C7o -/ 
h ?futSl^XI«ttJt«2«S^<Oj)SM!|*l4 9 2T- 

20 i>^v^i«ScoffiScoaigt>L<{iiaiS-Ct><kv\ * 

Xl>&\,\ $t>iz. z.tih<rym.<r>^mt. fctti£2 0 
5. 2O6tJ:0. l§l^C«aE$<X*t<7)T'&->Ti>S 

H5ot^i$»i, H3t^-v— fji^i 

0, 11, 12Sr^!SW-|»<Ofc3tb^T. i^S«<?D 
jS«flS7-24 02r, m&WX2 0 1 i:mtli 
«lt<7)Sfc:Jf«L. itt&tt<?)i»ffl$5-2 4 0-Cl>'- 
1f*«l 0 SrRlt$*T»«aE«^fflgl fc»LT«Hr 
Stttt*-A3fe$3SrSSHW4t><0T'*>S. « 

30 «aEW*asi*^^o»:iii*f3K kwmR) iss 

«<Ofit*B5 7-24 0-Cjg3t$il, 1 d$lt<r>®Wt& 

m»u>x2o lzm&t&ztizzh. yjrtj, 

(7)^57-24 OfcL ISS7^;^2 0 2OBfctJ> ( '> 
Ttt. <)V92Q 2<rMmz%rz-$Z. ttfX'Z S 

J: d lz-\-ttffl^Wm#(r>%X-bZ> ztm* l\\ 

[ o i o 3 ] i^tc. *mm&mm&$iwtftmi 
mbmrniz^xwrn-z. bp*>. cpu47U4. 

40 tL§V^>y7-)^(i. CPU4 17tC«M$it^E 

^iS4 2 7rt(c<g*»i$ti&. -eLT, ztit>m&gm 
4 27iztmztuz®&tii%. b&wm&m-*. n 

hV—74 28J>SV^rAS:^-L 

•y b t ts*i i:(c«ko. mmM%mzmz>i§&m 
zm-fh*-— ?tmm®£$m<7)*-i)t<Dmx- s $>') 
a. mm&mj-tt^-vtomx: b^h— £ 

50 »t>. T-^^B|^<l:-ri»^i:fc < J:0. JS?&«r«J#-rS 



(28) 
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m&vw&tn&iz&'K . m-txwmwizm& 

Tn-teX£ttO&#. Tn*x«UIi£gc9|SMO«f 

gs^* fc crtfflx-*? o k o & <r t *> »rt£fc & s . 
*ti. *mtz&mwm$m4 o o zmry a^t 

Ig^X^ATffllS-rSifctJrO. 04. 02 8. 0 
29. 030. 03 lfc^LT/l^'JXi^ff^&xT 

[0104] aac. &jjmLtemnt&sxm& 

fcOWC03 2~03 4 tm^XmWth. 03 2K^ 

txotz. *mmzmmmmzm\^*mm 

m&74>\i. f8tIS6 0 1J^M6 0 9. ftSEgg 
6 1 OAS 6 1 2 . 7-o-reQlEXS6 1 4 . r-m 
ffxXrA6 1 3(c±9fi§f£3*U>. WECBB. # 
fc. 0^)W»>** H 0 ) 

IS60 1. 6 0 5. 608. 6 0 9££*. Ztlt>CO 

}j^WNzmmm^mm<r)m$m. 6 

1 2ti0^iBfS«$<x-&. ^S^tciO. X 
fS0<Dj|#. 0UtfXg6 0 1. 6 0 6 ST'MStfftai 
SflfcKJi. i£0SWIg6 0 2. 6 0 3. 6 0 4#. 

mmm i ot«to^ffi$ix. miszm&tixu. 
li. 83S§SS6 1 1 fci o A^rfWciSiSfi.*. 

[ 0 1 0 5 } fc £ 3T\ J5fSOIgfiJtOM^i)I.V^i 

bTn-txmzmteLK&klz&^X . 
fUM*±£iI6 1 2 1 J; &f|!fef^:KRgft££lli£ L . 

rn-t xjt!ia^)^ps^^m t ru-b xMSBfrcoxpfi 

££&^x*mi-m. zxwmizmLitzmt:. 
ztmlt m. itzmtmi xmztiz ztm^x 

[0106] tZZtf. ±Sf&aHtCi-5T. ^7"P-fe 
ttJ-rS^t^f^^Vi. ZtM. aT(0£5%WMz£ 

h. %<mm.. mm. fcmizxvmmcoxf&co 
mtzmmtf&tL, *<^%mmnzm-4 x&* 
&<&9. mmfffotL. mmt-hmLLx^tz 
>mi?. wmiz\$imzixhzb£Zchtc.#>x'bh. 
bp*>. utt. mfr^tt^x^Mi-rcomwzvm 
xmxum^tvfizms.mi.mmzm.^ix. m. 
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[01073 zzx\ ^imjnmnm&fiz. ^*>. 

£±ff XH <Ztizi^ X&Mfr *>ft wo ^fifcSfcr:*: 

f&mthxz&xdiz*'). fm^wmzz^zt 

Still** <l8$8) *>'Jix.&^tt=5rS^. 05 lfc* 
ThtatC. Klgira&COf&Sil (B-A) ^JR&Cltt 

io t- vyvwmmiz. Ta*x®m<Dm®x$mt7>mL 
tP£b*)'&h. z\<r>tt#>. -ru±x>mmz. ±tmiz 

[ 0 1 0 8 ] *£T\ *HBH(c^|,XP(S«aE^a6 1 2 
O&gj^|I|ffi4 0 0<7)CPU4 1 7fcfcvvt. Ib 

<Tb<0^-^fctJV^T. I a>ThatLT«jaj$^. 
20 flol a>/e ■ ThbOt#<0^. ^Tn-feXJIfflX 

Xj8HiePB?^«BiET-. "T^ISOeffiSS&XJfT 

^se lt *> ^^eiaj-r ^ fc ^^tct> 

V^T. 3StTo-bXj!!iaig^)SaET-«!S^SrlSL 
XLZ\,m£±ifXi>Xm&®iii2ilfz®&c0X.. %Wl 

ro-bxj&aigp-ci^L^^fcflBfL. ^isrn 

•feXjraig^co^ST'^iagJfSS-^LT L § v^fflSr at 

30 aitra-bx«iaxs-c^t^xiifit*flK$ixsii 

WfiT-TS^feT'^S. 3«L IbSThbco^-t 
»4mfc»feLfcWBk»«rt-it^C&4. fit. I 

a«. i^ru-bxsaaxs^eoictfcv^Teiaj^ii 
fcJMwuwae^t^, ibii i^tro-fex^yix 
umcomEiz&^xftibiiirfiXf&n&iiim^i'^i 

7j<t. ThaJi. SKT-a-feXj&JlXg^L^V^v 

•y7istt¥a4 1 9frt>nt>ti&ti£iz^m\'0^ 

Thbli. SMru-bx5!MXg1u£OTfriE5:|iB0Ttf^ 

40 eu^^^r. >*r(i. izmttzmcx. Thbtje 

OOcOifc3»&4 14^T1;i. I atTha. IbtT 
h b t to v ixi. £ t tc^rS „ 

[0109]IoT, CPU4 17#fT&P±ta£RB« 
L#^ffi-7-y7l&W^S4 1 9frhZ.htl 

XUmg.4 2 7{cfBii$^7'n-fex5!iaxgBa (« 
•^{Ci oT i±TD-bX«SXgft t ) Of - -y T^*>4 

\,mztnzmihmm<^t^m\y^ju ( L^v^fiH 
50 tie^^ii^ro-bxxgmao^^ajffiw^fc 
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g&tf)$&Ofc£cOL#Hffi (a: • Tha) £&tf>6& 
S/c^^tSCltfc&S. 3$. Thali, TP-bX 

x&m2tihztiz%&. mz. mmmm i 

0 6 0 3. 6 0 4t££*tLTi£8l?-&Wf 
£C-?VYtiligt&. 851<7>#£fcL a y M*j<9>>X7n 

<rmm<r>m& mt) zmtt&m-^xj^zx&xu 
mittx-hz. m2<&m\*. h&Tu-txma.hz 

xnmimi. vmcm^xntm-^mxh 
*).&2 (^mibzxn<Dim®^fc*itm-z z 

mms-W^m^**-? ttz o . hh wmt>if*m 

[0 110] ZZX\ Sffi§£H6 1 2izx&mz, 

(^u^xxwb&wtzemmizmu-i-hwmt. a 

XUXk'cDJ: 3 t^RS*'Ji« LTV^*^«S ^ b #? 

ws-r & i 1 tc j: o . 2m#»m0mB&km z fc 

fi»6 1 3tdR9&**u n#<D?i£. ro-yejsx 

*wwfs*i*. jec mmm.6 1 o, 6 1 1 . 
6 1 2t{i. ±ia*^t^i>^aiis«aE§ia<offi. m 

mwrnz-ox^z. zzx\ ztihntfmmzwm 
-t&zt izi m&msmz b-^^x^]±x^ h . 

ftonsiisaEJi. «**fc»fttf*. Jt» 
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[oiii] ls igjtig-ctt. mm. x)v-r ? 

tl^tlCO&timmK 24K2 7^ 2 5*^28 

'v 26frh29^t&immzmm<?>XMzim> 

U isXTJ><r>V-?)lcotfiiii&Z®^tzt£JiL 

^■Cft^etigsrwr & xxfA z t wx-z 

h. H3 4(Cft*i*>±(-m<7)^@^0«Olft^3OSr^ 

^r. z$mcom&3 1 tpi^^-r. o# 

mmL£^*>&<%\>), mmixmcykMz-vmiz 
mm&mmwzm&mtfmizzz, . 

[0 112] 

[^BB^»mj *n«tj:<itr. wmmmi:to±x'Z 
x. rn&y mm^tzx ols irtf-ymn 
mfctocow-yfrttnmffltiwsx'Z. $<^t. ^> 

•c^ scox\ l s i vxj\±m<r>mL}L<nmit*?'mz 

IX;l^77 VX-mrt-hZttfX'^hW^Z 

tyyzm^x. mMU^-ytimomu^- 
>twntt&mm*mmLizip(E?&m^m*? 
tmzmmmx. K^Mmz^-thz^x^hWk 

mitt\s-?mti^mztiztfvx\i'-j*mLco% 
mzmmmL. o. lumwrnrnrnm^mm 

30 <7)XM£ t . &m.X\ RUSmX-timtl Z t tfX'Z 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are production processes which form a pattern on a substrate 
and manufacture the object, such as a semi-conductor production process and a liquid crystal display 
component production process printed circuit board production process, and relate to the defective test 
equipment which inspects the generating situation of the defect of the foreign matter in the production 
process coped with by detecting and analyzing the defect of the generated foreign matter etc., and its 
approach. 
[0002] 

[Description of the Prior Art] In the conventional semi-conductor production process, when the foreign 
matter existed on the semi-conductor substrate (wafer), it becomes causes of a defect, such as poor 
insulation of wiring, and a short circuit, a semiconductor device makes it detailed further and a detailed 
foreign matter exists in a semi-conductor substrate, this foreign matter causes destruction, such as poor 
insulation of a capacitor, and gate oxide. These foreign matters are mixed by various causes, such as 
what is generated from the moving part of a transport device, what is generated from the body and the 
thing by which reaction generation was carried out within the processor by process gas, and a thing 
which was being mixed in the chemical or the ingredient, in the various condition. If a foreign matter 
mixes on a pattern or a certain defect also produces the same liquid crystal display component 
production process, it will become what cannot be used as a display device. The situation of the same is 
said of the production process of a printed circuit board, and mixing of a foreign matter grows into the 
short circuit of a pattern, and the cause of defect connection. As one of the techniques which detects the 
foreign matter on this conventional kind of semi-conductor substrate, as indicated by JP,62-89336,A 
(conventional technique 1) By detecting the scattered light from the foreign matter generated when laser 
is irradiated and the foreign matter has adhered on a semi-conductor substrate on a semi-conductor 
substrate, and comparing with the inspection result of the same form semi-conductor substrate inspected 
immediately before The misreport by the pattern is lost and there are some which enable high 
sensitivity, a high-reliability foreign matter, and defective inspection. Moreover, the scattered light from 
the foreign matter generated when laser is irradiated and the foreign matter has adhered on a semi- 
conductor substrate on a semi-conductor substrate as indicated by JP,63-135848,A (conventional 
technique 2) is detected, and there are some which analyze this detected foreign matter with analytical 
skill, such as laser photoluminescence or secondary X-ray analysis (XMR). 

[0003] Moreover, the method of emphasizing and detecting the foreign matter and defect which remove 
the light which irradiates coherent light to a wafer and is injected from the repeat pattern on a wafer as a 
technique of inspecting the above-mentioned foreign matter with a spatial filter, and do not have 
repeatability is learned. Moreover, the foreign matter test equipment irradiates from the direction leaned 
45 degrees to the main straight-line groups of this circuit pattern to the circuit pattern formed on the 
wafer, and it was made not to make input the zero-order diffracted light from main straight-line groups 
in opening of an objective lens is known in JP, 1 -1 1 7024, A (conventional technique 3). In this 
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conventional technique 3, shading other straight-line groups which are not main straight-line groups 
with a spatial filter is also indicated. Moreover, as a conventional technique about defective test 
equipment, such as a foreign matter, and the approach of those, JP, 1-250847, A (conventional technique 
4), JP,6-258239,A (conventional technique 5), JP,6-324003,A (conventional technique 6), JP,8- 
210989,A (conventional technique 7), and JP,8-271437,A (conventional technique 8) are known. 
[0004] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional techniques 
1-8, being high sensitivity and detecting the defect of the detailed foreign matter on the substrate with 
which a repeat pattern and a non-repeat pattern are intermingled etc. at high speed was not completed 
easily. That is, with the above-mentioned conventional techniques 1-8, the technical problem that 
detection sensitivity (the minimum detection foreign matter dimension) fell remarkably occurred, for 
example by parts other than repeat parts, such as the eel section of memory. Moreover, with the above- 
mentioned conventional techniques 1-8, technical problems, like sensibility falls remarkably occurred on 
an oxide film which penetrates the illumination light. Moreover, with the above-mentioned conventional 
techniques 1-8, the technical problem said that the defect of a detailed foreign matter etc. is undetectable 
occurred. 

[0005] Moreover, with the above-mentioned conventional techniques 1-8, the time of mass-production 
starting of a semi-conductor production process and mass-production Rhine are not distinguished, but 
the test equipment used by the mass-production starting activity is applied as it is even in mass- 
production Rhine, and needs to cope with foreign matter generating by sensing promptly in mass- 
production Rhine, however, conventional defective test equipment has a large equipment scale, and it 
does not install it independently — take — since it was the configuration which is not, it was what carries 
into the part of test equipment the semi-conductor substrate processed with the production line, a liquid 
crystal display component substrate, and a printed circuit board, and carries out inspection of a foreign 
matter and a defect. Therefore, even if inspection of conveyance of these substrates, a foreign matter, 
and a defect took time amount, it was difficult or inspection of total was a sampling inspection, it was 
difficult to obtain sufficient inspection frequency. Moreover, the help was required for such a 
configuration. 

[0006] The purpose of this invention is to the substrate for inspected with which a repeat pattern, a non- 
repeat pattern, and those without a pattern are intermingled that the above-mentioned technical problem 
should be solved to offer the defective test equipment which is a high speed and enabled it to inspect the 
defect of a minute foreign matter etc. with high precision moreover, and its approach. Moreover, 
inspection of total and sufficient inspection frequency carry out sampling inspection implementation, 
and other purposes of this invention are to offer the defective test equipment which enabled it to build an 
efficient substrate production line, and its approach, moreover, this invention - being the further - 
others — the quantity of light of the Gaussian beam flux of light to which outgoing radiation of the 
purpose is carried out, the usual cheap light source, for example, laser light source, — using effectively — 
a pole about 0. 1 micrometers or less — it is in offering the defective test equipment which is high 
sensitivity and enabled it to also inspect the defect of a minute foreign matter etc. at high speed, and its 
approach. The purpose uses effectively the quantity of light of the Gaussian beam flux of light by which 
outgoing radiation is carried out from a laser light source, moreover, this invention — being the further — 
others ~ and the lack [ in / it is alike, it follows and / the periphery of the detection field on the substrate 
for inspected ] of an illuminance which separates from an optical axis in detection optical system and to 
which is resembled, and is followed and MTF falls - canceling ~ a pole about 0.1 micrometers or less — 
the defect of a minute foreign matter etc. by high sensitivity And it is in offering the defective test 
equipment it enabled it to inspect at high speed, and its approach. 

[0007] moreover, this invention — being the further - others — the purpose is to offer the defective test 
equipment which can inspect the defect of a true foreign matter etc., without setting the threshold level 
which is a criterion as the optimal sensibility according to the various circuit pattern spaces in the 
structure arranged on the substrate for inspected, and making a misreport increase remarkably, 
moreover, this invention — being the further - others — the purpose is to offer the defective test 
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equipment which can inspect the defect of the foreign matter of size etc. in which he wants to set up and 
detect the threshold level which is a criterion according to defective sizes, such as a foreign matter to 
detect in the various circuit pattern spaces in the structure arranged on the substrate for inspected, 
moreover, this invention — being the further — others — the purpose is to offer the defective test 
equipment which can inspect the defect of a foreign matter etc. as can presume the size of the defect of 
the foreign matter which exists in the various circuit pattern spaces in the structure arranged on the 
substrate for inspected. 

[0008] moreover, this invention — being the further - others — the purpose is to offer the manufacture 
approach of a semi-conductor substrate of it being efficient and having enabled it to manufacture a semi- 
conductor substrate with the sufficient yield. 
[0009] 

[Means for Solving the Problem] As opposed to the substrate for inspected with which the circuit pattern 
was formed in the slit-like beam to which this invention becomes a longitudinal direction from parallel 
light mostly in order to attain the above-mentioned purpose Have a predetermined inclination (pi/2- 
alphal) from [ of this substrate ] a normal, and it has the flat-surface top predetermined inclination phi 1 
to the main straight-line groups of said circuit pattern. The lighting process illuminated so that it may 
become a right angle mostly to the transit direction of the stage where a longitudinal direction makes it 
lay and run said substrate for inspected, The detection process which receives the reflective scattered 
light obtained from the defect of the foreign matter which exists on the substrate for inspected 
illuminated in this lighting process with image sensors, changes into a signal, and is detected, It is the 
defective inspection approach characterized by having the defective judging process in which the signal 
which shows the defect of a foreign matter etc. based on the signal detected in this detection process is 
extracted. Moreover, this invention is characterized by the circuit pattern which exists on the substrate 
for inspected shading the diffracted- light pattern from a pattern with a spatial filter repeatedly at least in 
the detection process in said defective inspection approach. Moreover, this invention makes into the 
signal acquire from the part in which the same circuit pattern was originally formed, or its near by said 
detection in the defective judging process in said defective inspection approach at a radical, and is 
characterize by to extract the signal which shows the defect of a foreign matter etc. from said detected 
signal based on the criterion ( threshold) which computes dispersion and is set up based on this 
computed dispersion. Moreover, this invention is characterized by extracting the signal which shows the 
defect of a foreign matter etc. based on the criterion (threshold) set up for every various fields which 
constitute said circuit pattern to said detected signal in the defective judging process in said defective 
inspection approach. Moreover, this invention is characterized by the inclination phi 1 on the flat surface 
over the main straight-line groups of the circuit pattern of a slit- like beam being about 45 degrees in the 
lighting process in said defective inspection approach. 

[0010] Moreover, the stage this invention lays the substrate for inspected with which the circuit pattern 
was formed, and it is made to run, The beam by which outgoing radiation is carried out from the light 
source is used as the slit-like beam which becomes a longitudinal direction from parallel light mostly. It 
has a predetermined inclination (pi/2-alphal) from [ of this substrate ] a normal to said substrate for 
inspected. The illumination- light study system illuminated so that it may have the flat-surface top 
predetermined inclination phi 1 to the main straight-line groups of said circuit pattern and a longitudinal 
direction may become a right angle mostly to the transit direction of said stage, The detection optical 
system which receives the reflective scattered light obtained from the defect of the foreign matter which 
exists on the substrate for inspected with which the slit-like beam was illuminated with image sensors, 
changes into a signal, and is detected by this illumination-light study system, It is defective test 
equipment characterized by having the image-processing section which extracts the signal which shows 
the defect of a foreign matter etc. based on the signal detected from the image sensors of this detection 
optical system. Moreover, this invention computes dispersion by making it into the signal acquired from 
the image sensors of said detection optical system by detection in the image-processing section in said 
defective test equipment at a radical from the part in which the same circuit pattern was originally 
formed, or its near. It is based on computed this dispersion. A criterion (threshold) It is characterized by 
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having an extract means to extract the signal which shows the defect of a foreign matter etc. from the 
signal detected from the image sensors of said detection optical system based on the criterion set up with 
the criterion setting means and this criterion setting means of setting up. Moreover, this invention is 
characterized by having a means to extract the signal which shows the defect of a foreign matter etc. 
based on the criterion set up for every various fields which constitute said circuit pattern to said detected 
signal in the image-processing section in said defective test equipment. Moreover, it is characterized by 
the optical axis of this invention being almost perpendicular to the substrate for inspected in the 
detection optical system in said defective test equipment. 

[001 1] Moreover, this invention is characterized by the light source being a laser light source in the 
illumination-light study system in said defective test equipment. Moreover, this invention is 
characterized by having the optical element which the configuration approximated to a conical surface 
extracts in the illumination-light study system in said defective test equipment. Moreover, this invention 
is characterized by having the optical system further illuminated from the direction to which the white 
light was leaned to the normal in the illumination-light study system in said defective test equipment. 
Moreover, this invention is characterized by having a spatial filter in the detection optical system in said 
defective test equipment. Moreover, this invention is characterized by constituting the image sensors in 
detection optical system from a TDI sensor in said defective test equipment. Moreover, this invention is 
characterized by said TDI sensor being an anti blooming type. 

[0012] Moreover, this invention is characterized by leaning an optical axis to the normal of the substrate 
for inspected in the detection optical system in said defective test equipment. Moreover, the 
illumination-light study system which this invention illuminates light from a normal with a certain 
inclination to the front face of an inspected object, and has at least the optical element of the 
configuration approximated at the conical surface for [ in the front face of an inspected object ] 
extracting an illumination-light bundle to an one direction, It is defective test equipment characterized 
by having received the light reflected from said inspected object with image sensors, and having the 
detection optical system which changes into a signal and is detected, and the image-processing section 
which processes the signal detected by this detection optical system. Moreover, the illumination-light 
study system in which this invention illuminates light to the front face of an inspected object, It has the 
image sensors which consist of a current path which begins to pour the charge which exceeded this 
constant rate when a constant rate with a means to accumulate the produced charge, and the accumulated 
charge was exceeded, and a means which reads the charge with which the range to this constant rate was 
accumulated. It is defective test equipment characterized by having the detection optical system which 
receives light with said image sensors, changes into a signal the light reflected from said inspected 
object, and detects it, and the image-processing section which processes the signal detected by this 
detection optical system. 

[0013] Moreover, this invention is characterized by having two or more image sensors with which each 
reflected light bundle which branched by other strong branching optical system made in general into 
1/100 and these branching optical system of one reflected light bundle receives the reinforcement of one 
reflected light bundle which branches and this branches the reflected light bundle from an inspected 
object in the detection optical system in said defective test equipment. Moreover, the illumination- light 
study system in which this invention illuminates light to the front face of an inspected object, It has two 
or more linear protection- from-light means installed almost in parallel so that the scattered light from the 
pattern formed in the front face of said inspected object might be shaded. The detection optical system 
which an optical axis has [ of the front face of said inspected object ] the inclination of a certain fixed 
include angle from a normal, receives the light reflected from said inspected object with a photo- 
electric-conversion means, changes into a signal, and is detected, It is defective test equipment 
characterized by having the image-processing section which processes the signal detected by this 
detection optical system. Moreover, the illumination-light study system in which this invention 
illuminates light to two or more front faces of the inspected object with which the structure of the same 
configuration was arranged mostly, The detection optical system which receives the reflected light from 
an inspected object with image sensors, changes into a picture signal, and is detected, Dispersion in a 
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picture signal is computed about a correspondence pixel [ based on the picture signal detected from this 
detection optical system / structure / of the same configuration ], or the pixel of the near. As opposed to 
the picture signal detected from said detection optical system based on the criterion set up with the 
criterion setting means and this criterion setting means of setting up the criterion (threshold) of the 
signal level of the pixel which judges existence of the defect of a foreign matter etc. according to 
computed this dispersion It is defective test equipment characterized by having the image-processing 
section which has a judgment means to judge existence of a defect and processes said picture signal. 
[0014] Moreover, this invention is characterized by having a setting means to set up the scale factor of 
said criterion over dispersion in said picture signal at the image-processing section in said defective test 
equipment. Moreover, the illumination-light study system in which this invention illuminates light to 
two or more front faces of the inspected object with which the structure of the same configuration was 
arranged mostly, The detection optical system which receives the reflected light from an inspected 
object with image sensors, changes into a picture signal, and is detected, Dispersion in a value is 
computed, the difference of the picture signal about a pixel [ based on the picture signal detected from 
this detection optical system / structure / of the same configuration ] ~ the difference which computes a 
value - said difference in two or more pixels which carry out the neighborhood to the pixel which 
judges existence of the defect of a value calculation means, a foreign matter, etc. - the difference 
computed with the value calculation means — It has a judgment means to judge existence of a defect to 
the picture signal detected from said detection optical system based on the criterion set up with the 
criterion setting means and this criterion setting means of setting up the criterion of the signal level of 
the pixel which judges existence of the defect of a foreign matter etc. according to computed this 
dispersion. It is defective test equipment characterized by having the image-processing section which 
processes said picture signal. Moreover, this invention is characterized by having an output means to 
output the inspection result of the defect judged with said judgment means, and the data corresponding 
to the criterion set up with said criterion setting means to the image-processing section in said defective 
test equipment. 

[0015] Moreover, the illumination-light study system in which this invention illuminates light to two or 
more front faces of the inspected object with which the structure of the same configuration was arranged 
mostly, The detection optical system which receives the reflected light from an inspected object with 
image sensors, changes into a picture signal, and is detected, In the judgment means and this judgment 
means of judging existence of a defect based on a criterion to the picture signal detected from this 
detection optical system It is defective test equipment characterized by having the image-processing 
section which has a display means to display the map information or the image to the structure of the 
same configuration about the criterion judged. Moreover, this invention is characterized by having a 
means by which said criterion can be set up, according to an area priority mode, a canonical mode, and a 
sensibility priority mode at the image-processing section in said defective test equipment. Moreover, the 
illumination-light study system in which this invention illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, In the judgment means and this judgment means of judging 
existence of a defect based on a criterion to the picture signal detected from this detection optical system 
It is defective test equipment characterized by having the image-processing section which has a display 
means to display relation with the index about the inspection area corresponding to the criterion and it 
which are judged. 

[0016] Moreover, the illumination- light study system in which this invention illuminates light to two or 
more front faces of the inspected object with which the structure of the same configuration was arranged 
mostly, The detection optical system which receives the reflected light from an inspected object with 
image sensors, changes into a picture signal, and is detected, In the judgment means and this judgment 
means of judging existence of a defect based on a criterion to the picture signal detected from this 
detection optical system It is defective test equipment characterized by having the image-processing 
section which has a display means to display the sensitivity information over the structure of the same 
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configuration corresponding to the criterion judged. Moreover, the illumination-light study system in 
which this invention illuminates light to two or more front faces of the inspected object with which the 
structure of the same configuration was arranged mostly, The detection optical system which receives 
the reflected light from an inspected object with image sensors, changes into a picture signal, and is 
detected, Based on the criterion set up by the criterion setting means and this criterion setting means of 
making a criterion corresponding to the condition of the substrate in the structure of said same 
configuration, changing it, and setting it up It is defective test equipment characterized by having the 
image-processing section which has a judgment means to judge existence of a defect to the picture 
signal detected from said detection optical system, and is processed to said picture signal. Moreover, the 
illumination-light study system in which this invention illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, Based on the criterion set up by the criterion setting means and this 
criterion setting means of setting up a criterion according to the size of the defect specified by 
assignment means to specify the size of a defect, and this assignment means It is defective test 
equipment characterized by having the image-processing section which has a judgment means to judge 
existence of a defect to the picture signal detected from said detection optical system, and is processed to 
said picture signal. 

[0017] Moreover, the illumination-light study system in which this invention illuminates light to two or 
more front faces of the inspected object with which the structure of the same configuration was arranged 
mostly, The detection optical system which receives the reflected light from an inspected object with 
image sensors, changes into a picture signal, and is detected, It has the control system which controls the 
power of the illumination light illuminated by said illumination-light study system according to the size 
of the defect by which this assignment means was carried out to an assignment means to specify the size 
of a defect. It is defective test equipment characterized by having the image-processing section 
processed to the picture signal detected from said detection optical system. Moreover, the image pick-up 
optical system which has the detection optical system which this invention is laid on a stage, receives 
the reflected light from the illumination-light study system which illuminates light to two or more front 
faces of the inspected object with which the structure of the same configuration was arranged mostly, 
and said inspected object with image sensors, changes into a picture signal, and is detected, The image- 
processing section which has a judgment means to judge existence of a defect based on a criterion to the 
picture signal detected from the detection optical system of this image pick-up optical system, 
Furthermore, in order to observe the optical image on said inspected object, it is defective test equipment 
characterized by having said image pick-up optical system and the installed optical observation 
microscope. 

[0018] Moreover, this invention is characterized by constituting the optical observation microscope in 
said defective test equipment from an ultraviolet optics observation microscope. Moreover, the 
illumination-light study system in which this invention illuminates light to the front face of an inspected 
object, The detection optical system which receives the light reflected from an inspected object with a 
photo-electric-conversion means, changes into a signal, and is detected, It is defective test equipment 
characterized by having the image-processing section which has a means to process the signal detected 
by this detection optical system, to conduct defective inspection, and to output this defective inspection 
result including the pattern information in which a defect exists. Moreover, this invention is 
characterized by the pattern information outputted being the information acquired from the design data 
of the structure in the means of the image-processing section in said defective test equipment. Moreover, 
the illumination-light study system in which this invention illuminates light to the front face of an 
inspected object, The detection optical system which receives the light reflected from an inspected 
object with a photo-electric-conversion means, changes into a signal, and is detected, It is defective test 
equipment equipped with the image-processing section which has a means to process the signal detected 
by this detection optical system, to extract the signal level of a defect, to amend the signal level of this 
extracted defect so that the magnitude of a defect may be shown, and to output the signal level of this 
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amended defect. 

[0019] Moreover, this invention is characterized by performing amendment of the signal level of a 
defect based on the data of the reflection factor on lighting reinforcement or the front face of the 
structure in the means in said defective test equipment. Moreover, this invention is characterized by 
having the optical system which operates orthopedically so that it may have the illuminance distribution 
used as the Gaussian distribution which makes a standard deviation mostly die length from the optical 
axis of this detection field to a periphery as said slit-like beam flux of light to the detection-beam by 
which outgoing radiation is carried out from said light source field on said substrate for inspected, and 
acquires the slit-like Gaussian beam flux of light in the illumination-light study system in said defective 
test equipment. In an illumination-light study system [ in / in this invention / said defective test 
equipment ] moreover, as said slit-like beam flux of light As opposed to the detection-beam by which 
outgoing radiation is carried out from said light source field on said substrate for inspected So that the 
ratio of the illuminance of the periphery of a detection field to the illuminance of the core of this 
detection field may become 0.46 to about 0.73 It is characterized by having the optical system which a 
path or major-axis die length is fitted to the die length between the peripheries centering on the optical 
axis of said detection field, operates orthopedically, and acquires the slit-like Gaussian beam flux of 
light. Moreover, it is characterized by the slit-like Gaussian beam flux of light by which this invention is 
illuminated by the illumination-light study system in said defective test equipment being the DUV beam 
flux of light. Moreover, this invention is characterized by constituting the image sensors in detection 
optical system from TDI image sensors in said defective test equipment. 

[0020] As explained above, according to said configuration, to the substrate for inspected with which a 
repeat pattern, a non-repeat pattern, and those without a pattern are intermingled, it is a high speed and, 
moreover, the defect of a minute foreign matter etc. can be inspected with high precision. Moreover, 
according to said configuration, the quantity of light of the Gaussian beam flux of light by which 
outgoing radiation is carried out from the usual cheap light source, for example, a laser light source, is 
used effectively, it is high sensitivity and the defect of a very minute foreign matter about 0. 1 
micrometers or less etc. can also be inspected at high speed. Moreover, according to said configuration, 
the quantity of light of the Gaussian beam flux of light by which outgoing radiation is carried out, for 
example from a laser light source is used effectively, and the lack [ in / it is alike, it follows and / the 
periphery of the detection field on the substrate for inspected ] of an illuminance which separates from 
an optical axis in detection optical system and to which is resembled, and is followed and MTF falls - 
canceling - a pole about 0.1 micrometers or less - the defect of a minute foreign matter etc. by high 
sensitivity And it is in offering the defective test equipment it enabled it to inspect at high speed, and its 
approach. Moreover, the defect of a true foreign matter etc. can be inspected, without according to said 
configuration, setting the threshold level which is a criterion as the optimal sensibility according to the 
various circuit pattern spaces in the structure arranged on the substrate for inspected, and making a 
misreport increase remarkably. 

[0021] Moreover, according to said configuration, the defect of the foreign matter of size etc. in which 
he wants to set up and detect the threshold level which is a criterion according to defective sizes, such as 
a foreign matter to detect in the various circuit pattern spaces in the structure arranged on the substrate 
for inspected, can be inspected. Moreover, according to said configuration, as the size of the defect of 
the foreign matter which exists in the various circuit pattern spaces in the structure arranged on the 
substrate for inspected can be presumed, the defect of a foreign matter etc. can be inspected. Moreover, 
according to said configuration, inspection of total and sufficient inspection frequency can carry out 
sampling inspection implementation, and an efficient substrate production line can be built. 
[0022] 

[Embodiment of the Invention] The gestalt of operation concerning this invention is explained using 
drawing. First, the inspected object 1 which inspects the defect of the foreign matter concerning this 
invention etc. is explained using drawin g 1 and drawing 2 . As an inspected object 1 which inspects the 
defect of a foreign matter etc., as shown in drawin g 1 , there is semi-conductor wafer la which arranged 
chip laa which consists of memory LSI to two-dimensional at the predetermined spacing. And memory 
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cell field lab, circumference circuit field lac which consists of a decoder, a control circuit, etc., and 
other field lad(s) are mainly formed in chip laa which consists of memory LSI. Memory cell field lab 
arranges regularly the memory cell pattern whose minimum line width is about 0.1-0.3 micrometers to 
two-dimensional, and forms it (repeating). However, circumference circuit field lac is formed by the 
non-repeat pattern which is not arranged regularly two-dimensional in the pattern whose minimum line 
width is about 0.2-0.4 micrometers. Moreover, as other fields, there is a bonding area field (minimum 
line width is near without a pattern at for example, 10-micrometer order extent), for example. 
[0023] As an inspected object 1 which inspects the defect of a foreign matter etc., as shown in drawin g 
2 , there is semi-conductor wafer lb which arranged chip lba which consists of LSI, such as a 
microcomputer, to two-dimensional at the predetermined spacing. And chip lba which consists of LSI, 
such as a microcomputer, is formed mainly by register group field lbb, memory section field Ibc, core- 
based-CPU section field lbd, and I/O section field lbe. In addition, drawin g 2 indicates notionally 
arrays with I/O section field lbe to be memory section field lbc and core-based-CPU section field lbd. 
Register group field lbb and memory section field lbc arrange regularly the pattern whose minimum 
line width is about 0.1-0.3 micrometers to two-dimensional, and form it (repeating). Core-based-CPU 
section field lbd and I/O section field lbe form the pattern whose minimum line width is about 0.1-0.3 
micrometers by the non-repeat. Thus, although the chip is regularly arranged for the inspected object 1 
which inspects the defect of a foreign matter etc. for the semi-conductor wafer, minimum line width 
differs for every field in a chip, repeatedly, it can be nothing or, moreover, a pattern can consider a non- 
repeat and various gestalten. 

[0024] The defective test equipment and the approaches concerning this invention, such as a foreign 
matter In such an inspected object 1, the zero-order diffracted light from the pattern (line pattern) which 
consists of a straight-line group on the non-repeat pattern space in a chip It enables it to detect a signal 
from the defect of a foreign matter etc. by receiving the scattered light produced according to the defect 
of the foreign matter which exists on a non-repeat pattern space while not being made to carry out 
incidence to the entrance pupils 20a and 20c of an objective lens, as shown in drawing 12 and drawing 
2121 . It enabled it to compute the position coordinate of the defect. Moreover, even if the process 
which does not become a defect made the mistake in being delicate and dispersion arose to the 
background signal by the noise at the time of detection etc., the detection sensitivity and the throughput 
of a defect of a foreign matter etc. were made for the defective test equipment and the approaches 
concerning this invention, such as a foreign matter, to improve in the above-mentioned inspected object 
1 by setting up the threshold for extracting the defect of a foreign matter etc. according to this 
dispersion. 

[0025] Next, the gestalt of operation of the 1st of defective test equipment, such as a foreign matter 
concerning this invention, is explained using drawin g 3 and drawing 4 . The gestalt of operation of the 
1st of defective test equipment, such as a foreign matter The stage section 300 which consists of a 
substrate installation base 304, xyz stages 301, 302, and 303, and a stage controller 305, The three 
lighting optical-system sections 100 which consist of a beam splitter which consists of a laser light 
source 101, a concave lens 102, and a convex lens 103, and a lighting lens 104 with a cone curved 
surface, The 1 -dimensional detectors 205, such as the detection lens 201, a spatial filter 202, the image 
formation lens 203, the ND (Neutral Density) filter 207, a beam splitter 204, a polarizing element 208, 
and a TDI sensor (image sensors), The detection optical-system section 200 which consists of 206, the 
data memory 402 delayed by one chip since a pattern is surely repeated between the A/D-conversion 
sections 401, for example, a chip, as shown in drawin g 4 , and the difference which takes the difference 
of the signal during a chip — the processing circuit 403 and the memory 404 which stores the difference 
signal during a chip temporarily ~ The greatest and minimum signal which is not usual [ in a difference 
signal ] The sampling number n for searching for the maximum minimum removal circuit 405 to 
remove, the square calculation circuit 406 of signal level s, the calculation circuit 407 of signal level s, 
the number count circuit 408, the square sum calculation circuit 409 that integrates with the square of s, 
the sum calculation circuit 410 which integrates with s, and dispersion The data-processing section 400 
which consists of output means 417 to output a defective detection result while memorizing defective 
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detection results, such as the counting circuit 41 1 to compute, the upper limit criterion (forward side 
threshold) calculation circuit 412, the minimum criterion (negative side threshold) calculation circuit 
413, comparator circuits 414 and 415, and a foreign matter, It is constituted by the white lighting 
optical-system section 500 which consists of a source 106 of the white light, and a lighting lens 107. 
Especially as a TDI sensor, an anti blooming type is desirable. Thus, as a TDI sensor, if an anti 
blooming type is used, defective inspection of the foreign matter near the saturation region etc. will be 
attained. 

[0026] In addition, the data-processing section 400 is explained in detail later. The three lighting optical- 
system sections 100 let the beam splitter which consists of a concave lens 102 and a convex lens 103 in 
the light injected from the laser light source 101, and the lighting lens 104 with a cone curved surface 
pass. It is constituted so that the longitudinal direction of the slit beam 3 of the above may be 
superficially suitable in the array direction of a chip from three directions 10, 11, and 12 to the wafer 
(substrate for inspected) 1 installed on the installation base 304 and the slit-like beam 3 may be 
illuminated, as shown in drawin g 5 . In addition, because improvement in the speed was realized for 
inspection of the defect of a foreign matter etc., it is made the slit-like beam 3 as illumination light. That 
is, as shown in drawin g 5 , the beam 3 illuminated on the wafer 1 which arranged the chip 2 towards the 
x directions of the scanning direction of x stages 301 and the direction of y of the scanning direction of 
the y stage 302 is narrow to the scanning direction y of the y stage 302, and is illuminated with a large 
slit beam to the perpendicular direction x (scanning direction of x stages 301). And in the direction of y, 
in the x directions, the beam 3 of the shape of this slit is illuminated so that the image of the light source 
may carry out image formation, and it may become parallel light. In addition, lighting of the beam 3 of 
the shape of a slit from three directions 10, 11, and 12 may be performed according to an individual, and 
you may carry out to coincidence from 2-ways 10 and 12. By the way, having used the longitudinal 
direction of the slit-like beam 3 as the right angle to the scanning direction y of the y stage 302 towards 
the array direction of a chip to the wafer (substrate for inspected) 1 As the integral direction of the TDI 
sensors 205 and 206 and the transit direction of a stage can be kept parallel and it is shown in drawing 
14 It enables it to use the usual TDI sensor, while being able to simplify the comparison between chips 
of a picture signal moreover, calculation of a defective position coordinate can also be performed easily, 
and it enabled it to, realize improvement in the speed of defective inspection, such as a foreign matter, as 
a result. In order to make it become a right angle to the scanning direction y of the y stage 302 towards 
the array direction of a chip especially to a wafer (substrate for inspected) 1 with the lighting of the 
beam 3 of the shape of a slit from directions 10 and 12, the lighting lens 104 with a cone curved surface 
is needed. 

[0027] The lighting lens 104 of a cone configuration is shown in drawin g 6 . This lighting lens 104 is the 
location of the longitudinal direction of a cylindrical lens, and is a lens into which focal distances 
differed and this focal distance was changed linearly. As shown in drawing 6 , even if it illuminates from 
across by this configuration (it is compatible in the inclination of alphal and phil), it can narrow down 
in the direction of y and can illuminate with the beam 3 of the shape of a slit collimated in the x 
directions. That is, with this lighting lens 104, it has parallel light in the x directions as shown in 
drawing 9 (a), and neighboring lighting can be realized phi 1= 45 degrees. As shown especially in 
drawin g 9 (a), by making the slit-like beam 3 into parallel light in the x directions, a diffracted-light 
pattern will be obtained from the circuit pattern main straight-line groups turned [ pattern ] to x 
directions and the direction of y, and it can shade with a spatial filter 202. Next, the manufacture 
approach of the lighting lens 104 with a cone curved surface is explained using drawing 7 R> 7 and 
drawin g 8 . This cone lens 104 is made from glass or a quartz, can polish the cone 23 which has a 
predetermined area of base and predetermined height, and can cut down and create the lens of a single- 
sided flat surface from a broth and a position. There should be a curved surface of the lens shown in 
drawin g 6 needed by this invention essentially not on a cone but on the curved surface 24 as shown in 
drawin g 8 . However, since it is difficult for the stereo shown in drawing 8 to polish since it is not body 
of revolution, it is approximated by the cone 23 shown in drawin g 7 . Actually, if N.A. is about 0.02 to 
0.2 lens, there will be no big problem. 
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[0028] When the configuration of the 23rd page of a cone shown in drawing 7 establishes a zero in top- 
most vertices and sets a vertical angle to theta 1, the formula shown below (several 1) will be followed. 
x2+y2=(ztanthetal) 2 (several 1) 

Moreover, when the curved surface 24 shown in drawin g 8 establishes a zero in top-most vertices and 
sets a vertical angle to theta 2, the formula shown below (several 2) will be followed, 
(x-ztan theta 2) 2+y2=(z-tan theta 2) 2 (several 2) 

In addition, the creation approach of the cone lens 104 puts a glass substrate on the creation approach 
shown here at the injection molding method which slushes plastics etc. into ****** and other 
approaches, for example, the mold which was created beforehand, and which has a conical surface, and 
the conical surface created beforehand, and can also create the approach of carrying out melting of the 
substrate. 

[0029] In this invention, lighting of the direction criticalness of y and the x direction collimation is 
realized using this cone lens 104. A configuration for that is shown in drawin g 9 (a) and (b). Incidence 
of the light injected from the laser light source 101 is carried out to the cone lens 104 through the beam 
expander which consists of a concave lens 102 and a convex lens 103. With the cone lens 104, it is 
illuminated in the form collimated since it did not have the lens effectiveness in the x directions. 
Moreover, at the both ends of the cone lens 104, since curvatures differ, focal locations differ. To 
coincidence, it condenses on a wafer 1 with the curvature of the cone lens 1 04 in the direction of y. 
[0030] Drawing 10 is the top view showing the three lighting optical-system sections 100 constituted 
from one laser light source 101 as a laser light source 101. By branching to two optical paths by the 
branching optical elements 110, such as a half mirror, reflecting one side by mirrors 111 and 112, 
turning caudad the laser beam which carried out outgoing radiation from the laser light source 101 by 
the mirror 113, and carrying out incidence to a concave lens 102, the lighting beam from the direction of 
1 1 can be obtained, and another side advances to the branching optical elements 114, such as a half 
mirror. By making it reflect by the mirror 115, turning caudad by the mirror 117, and carrying out 
incidence to a concave lens 102, while branching by this branching optical element 114, the lighting 
beam from the direction of 10 can be obtained, and another side can obtain the lighting beam from the 
direction of 10 by turning caudad by the mirror 116 and carrying out incidence to a concave lens 102. 
By the way, when illuminating only from the direction of 1 1, it can realize by switching to the mirror 
element 118 from the branching optical element 110. Moreover, when illuminating only from the 
direction of 10 and 12, it can realize by making the branching optical element 1 10 leave an optical path, 
or switching to the optical element of bypassing. Moreover, when illuminating only from 12 directions 
among the lighting from 10 and 12 directions, it can realize by switching to the mirror element 1 19 from 
the branching optical element 1 14. 

[0031] In addition, although it is good to use the 2nd higher harmonic SHG and wavelength of 532nm of 
an YAG laser of high power by branched relation as a laser light source 101, it is not necessary to be 
necessarily 532nm. Moreover, it is not necessary to be YAGSHG as a laser light source 101. That is, Ar 
laser, nitrogen laser, helium-Cd laser, excimer laser, etc. may be other light sources as a laser light 
source 101. The detection optical-system section 200 lets the spatial filter 202 which shades the Fourier 
transform image according the light injected from the wafer 1 to the reflection diffraction light from the 
detection lens (objective lens) 201 and a repeat pattern, the image formation lens 203, ND filter (it does 
not call at a wavelength band but the quantity of light is adjusted.) 207, a beam splitter 204, and a 
polarizing element 208 pass, and it is constituted so that the 1 -dimensional detectors 205 and 206, such 
as a TDI sensor, may detect. The spatial filter 202 is put on the spatial-frequency field of an objective 
lens 201, i.e., the image formation location of the Fourier transform (it is equivalent to an exit pupil.), 
that the Fourier transform image by the reflection diffraction light from a repeat pattern should be 
shaded. Moreover, when a polarizing element 208 carries out polarization lighting in the lighting 
optical-system section 100, it shades the polarization component by the reflective scattered light 
produced from the edge of a circuit pattern, penetrates a part of polarization component by the reflective 
scattered light produced from the defect of a foreign matter etc., and does not necessarily need it in this 
invention. Here, image formation of the lighting area 4 on the wafer 1 shown in drawing 5 is carried out 
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on a detector 205 and 206 by the objective lens 201 and image formation 203 which constitute a relay 
lens. That is, 4 shows the light-receiving area of the 1 -dimensional detectors 205 and 206, such as a TDI 
sensor. 

[0032] As mentioned above, when the slit-like beam 3 is illuminated to the wafer (substrate) 1 with 
which the circuit pattern of various gestalten was formed, this reflection diffraction light (or scattered 
light) will inject from the defect of the front face of a wafer, a circuit pattern, a foreign matter, etc. This 
injected light lets the detection lens 201, a spatial filter 202, the image formation lens 203, ND filter 

207, a polarizing element 208, and a beam splitter 204 pass, and photo electric conversion is received 
and carried out with detectors 205 and 206. Here, the sequence of ND filter 207, a polarizing element 

208, and a beam splitter 204 does not need to be the sequence raised here. When especially ND filter 
207 is arranged after a beam splitter 204, it has ****** that the luminous intensity included in two 
detectors 205 and 206 is independently controllable. Moreover, transparency of a beam splitter 204 and 
a reflection factor do not need to be 50%. For example, if constituted to the wind called 1% and 99%, 
the light of the reinforcement of about 1/100 will carry out incidence to one detector, and the dynamic 
range on the appearance of a detector can be improved by using the signal acquired from two detectors 
which receive the light from which these reinforcement differs, respectively. Therefore, in the data- 
processing section 400, the detecting signal from the defect of the foreign matter which raised the 
dynamic range can be obtained by using the signal acquired from a detector 205, and the signal acquired 
from a detector 206. The component especially the signal that a detector receives light with large 
reinforcement and is acquired indicates the defect in which reinforcement is large to be will be 
emphasized, and a component with the signal near the background that reinforcement is small which a 
detector receives light with small reinforcement and is acquired will be emphasized. Therefore, the 
dynamic range of a signal in which a defect is shown can be raised by taking correlation of the ratio of 
both signals etc. However, also by controlling and changing the illuminance (power) of the beam flux of 
light irradiated from the illumination-light study system of laser light source 101 grade, a dynamic range 
can be changed and a beam splitter 204 and one detector 206 can be lost. 

[0033] Next, it explains still more concretely about the relation of the slit-like beam 3 and the detection 
optical-system section 200 which are illuminated to a wafer 1 in the lighting optical-system section 100 
concerning this invention. The top view of the direction of detection by the 1 -dimensional detectors 205 
and 206, such as lighting by the slit-like beam 3 and a TDI sensor, is shown in drawing 5 . The wafer 1 
top with which the pattern 2 was formed is illuminated with the slit-like beam 3. The image 4 by the 
detection optical system of the 1 -dimensional detectors 205 and 206 is shown. The slit-like beam 3 is 
illuminated from the superficial directions 10, 1 1, and 12. Drawing 1 1 (a) carries out supplementary 
information of drawing 5 , and shows the lighting direction 10, the detection direction 14 (the case of 
being perpendicular to the front face of a wafer is shown), a x axis, and the y-axis. Moreover, the 
spherical surface 17 is for considering the opening location of the objective lens 201 which assumes to 
imagination and can set the detection optical-system section 100 by drawin g 5 . The intersections of this 
spherical surface 17, and the illumination light 10 and the detection light 14 are 15 and 16, respectively. 
Drawing 1 1 (b) shows the situation of injection of the diffracted light at the time of illuminating from a 
direction 10. By making the intersection 18 of the injection direction 19 of specular reflection light, and 
the virtual spherical surface 17 into zero-order light, as shown in drawing 7 (b), in order to inject in the 
direction of** of the cone which makes an illuminating point top-most vertices a core [ the direction of 
a pattern (x directions, the direction of y) ], the miracle of an intersection with the virtual spherical 
surface 1 7 comes on the periphery of the base of this cone. 

[0034] Therefore, if this miracle is seen from a normal, it will become a straight line parallel to a x axis 
and the y-axis. 

[0035] By the way, opening of the objective lens 201 in the detection optical-system section 200 to 
which beta 1=0 does not lean is set to opening 20a shown in drawing 12 R> 2 and drawin g 13 . Here, the 
include angles phil and phi2 of the directions 10 and 12 of lighting are set as about 45 degrees. As 
shown in drawin g 3 , the front face of a wafer 1 is received in the optical axis of the detection optical 
system 200. A perpendicular, When it is made betal=0, namely, the relation between the numerical 
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aperture (N.A.) of the detection lens (objective lens) 201, and the include angle alpha 1 ( drawin g 3 ) of 
the illumination light As shown in drawing 12 , the zero-order diffracted lights 21x and 21y of the x and 
the direction of y of [ from the circuit pattern with which the main straight-line group was suitable in x 
and the direction of y ] should be set as the range determined from the formula shown below (several 3) 
based on the conditions which do not carry out incidence to the pupil of the detection lens 201. Namely, 
by making the include angles phil and phi2 of the directions 10 and 12 of lighting into about 45 degrees, 
and making it satisfy the formula showing the relation between the numerical aperture (N.A.) of the 
detection lens (objective lens) 201, and the include angle alpha 1 ( drawin g 3 ) of the illumination light 
below (several 3) Even if it is a non-repeat pattern, a main straight-line group becomes possible 
[ abolishing carrying out incidence of the zero-order diffracted lights 21x and 21y of the x and the 
direction of y of / from the circuit pattern which was suitable in x and the direction of y / to opening 20a 
of an objective lens 201 ]. 
[0036] 

N.A.<cosalphal and sinphil and ~ N.A.<cosalphal and sin (pi/2 -phil) (several 3) 
In addition, what is necessary is just to make numerical aperture (N.A.) of an objective lens 201 or less 
into about 0.4, if alpha 1 is made into 30 degrees or less. Especially these conditions become effective to 
the logic LSI which has core-based-CPU section field lbd which has a non-repeat pattern in LSIlba(s), 
such as circumference circuit field lac which has a non-repeat pattern in memory LSIlaa as an inspected 
object 1, and a microcomputer, I/O section field lbe, and a non-repeat pattern. Since the pattern (main 
straight-line groups are ) is formed in right-angle parallel in many cases, these zero-order diffracted 
lights will inject these LSI pattern in the specific direction. Then, the diffracted light from the pattern of 
these many is eliminated, and detection of only the reflection diffraction light from the defect of a 
foreign matter etc. is made easy because it is not made to carry out incidence of this injected zero-order 
diffracted light to an objective lens 201. The detection signal level from a circuit pattern will fall, and, 
specifically, the detectable fields in high sensitivity will increase in number the defect of a foreign 
matter etc. Naturally, since incidence of the diffracted light of a high order (primary ... [ secondary / 
3rd ]) will be carried out to opening 20a of an objective lens 201 in the case of a non-repeat pattern, this 
high order diffracted light will appear as a straight-line group parallel to the zero-order diffracted lights 
21x and 21y shown in drawing 12 . Then, eliminating is also possible by shading such the high order 
diffracted light with the thin band-like spatial filter 202. 

[0037] Moreover, it is necessary to the substrate 1 for inspected (wafer) to inspect the foreign matter or 
the defect which the crevice during wiring etc. was entered, the dirty remainder, etc. However, in order 
for a non-repeat pattern to exist on the substrate 1 for inspected and for the zero-order diffracted light of 
this non-repeat pattern not to carry out incidence to an objective lens 201 As explained above, with 
having illuminated the beam 3 of the shape of a slit which has a longitudinal direction from the 
directions 10 and 12 of the include angle of about 45 degrees in the x directions to the y-axis on the 
substrate 1, it becomes difficult for wiring which is heights to interfere and to fully illuminate a crevice. 
Then, when circuit patterns are many, a right angle and since it is formed in parallel, it becomes possible 
by illuminating the slit-like beam 3 from the direction 1 1 parallel to the y-axis to a substrate 1 to 
illuminate the crevice during wiring etc. enough. There is especially a circuit pattern of Memory LSI by 
the straight- line pattern with a die length of several mm in many cases, and inspection of it is attained 
with the lighting from this direction 1 1 in many cases. Moreover, inspection of the case of the direction 
of 90 degrees is attained with a pattern by making it rotate 90 degrees, and inspecting a wafer, or 
carrying out the lighting direction in the x directions. 

[0038] However, since zero-order diffracted-light 21y f of the direction of y will carry out incidence to 
opening 20a of an objective lens 201 among zero-order diffracted-light 21x' and 21y* as shown in 
drawing 13 when the slit-like beam 3 is illuminated from a direction 1 1, this zero-order diffracted-light 
21y' needs to be shaded and eliminated with a spatial filter 202 at least. Under the present circumstances, 
it is also possible to shade and eliminate the high order diffracted light with a spatial filter 202 naturally. 
As mentioned above, although the elimination approach of the zero-order diffracted light was explained 
especially from the non-repeat pattern in the case of the non-repeat pattern which exists in the chip 2 on 
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the substrate 1 for inspected In a chip 2, like register group field lbb in memory cell field lab in 
memory LSIlaa, and LSIlba(s), such as a microcomputer, and memory section field lbc A repeat 
pattern will exist and it is required that the diffracted-light stripes (diffraction interference light stripes) 
from this repeat pattern should be shaded with a spatial filter 202. In short, in a chip 2, since a repeat 
pattern, a non-repeat pattern, and those without a pattern will be intermingled and line breadth will 
moreover also differ, respectively, the protection- from-light pattern of a spatial filter 202 will be set up 
so that the diffracted light from for example, a repeat pattern with much frequency may usually be 
eliminated. Moreover, what is necessary is just to make it change according to the circuit pattern in a 
chip 2, if what can change . protection-from-light pattern is used as a spatial filter 202 as indicated by 
JP,5-218163,A and JP,6-258239,A. Moreover, that from which a protection-from-light pattern differs is 
prepared as a spatial filter 202, and you may switch according to the circuit pattern in a chip 2. 
[0039] Next, detection sensitivity settling according to defective sizes, such as a foreign matter which it 
is going to detect, is explained. That is, if detection pixel size on the inspected object 1 of the 1- 
dimensional detectors (image sensors) 205 and 206, such as a TDI sensor, is made small, although a 
throughput will fall, improvement in detection sensitivity can be expected. Then, in case the defect of a 
foreign matter about 0.1 micrometers or less etc. is detected, it is good to change and use for the 
detection optical system 200 which makes pixel size small. It is good to specifically have three kinds of 
detection optical system 200 from which the size of the image on a wafer 1 becomes 2 microns, 1 
micron, and 0.5 microns about pixels, such as a TDI sensor, as the implementation approach of this 
configuration - optical system 200 - all may be changed, and only a lens (lens group) 203 may be 
changed, or a lens (lens group) 201 may be changed. Under the present circumstances, it is good to 
design the configuration of a lens so that it is not necessary to change the optical path length from the 
wafer 1 to the 1 -dimensional detectors 205 and 206, such as a TDI sensor. Of course, when such a 
design is difficult, it may combine with the change of a lens and the device which can change the 
distance to a sensor may be used. Moreover, what changed the pixel size of the sensor itself may be 
changed. Next, the concrete example of the relation between the beam 3 of the shape of a slit from three 
directions and the TDI sensors 205 and 206 is explained using drawing 14 . The relation between the 
image 4 of TDI on a wafer 1, and the slit- like beam 3-10 from a direction 10 and the slit-like beam 3-12 
from a direction 12 is shown in drawing 14 . As shown in drawin g 10 , when illuminating the lighting 
beam obtained from the same laser light source 101 by branching from the direction of directions 10 and 
12, it will interfere in these beams, respectively and dispersion will come out of them to reinforcement 
by lighting within the limits. Then, as shown in drawing 14 , the effect of interference can be removed 
by illuminating so that these beams 3-10 and 3-12 may not cross within the limits of the image 4 of TDI. 
When using the TDI sensors 205 and 206, in order to integrate with a detection output within the limits 
of 4 in the direction of y synchronizing with transit of y stage, it is satisfactory even if the location is 
shifted in this way. Moreover, what is necessary is just to illuminate three beams similarly so that it may 
not cross in the range in which a lap does not become a problem when using the slit- like beam 3-11 
from [11] lighting. The same thing cannot be overemphasized also when using two beams among 10, 
11, and 12. 

[0040] Moreover, although not illustrated here, even if it illuminates in piles the slit-like beam irradiated 
from directions 10 and 12 to coincidence in the same part, it will interfere, but since an interference 
fringe inclines to the direction of y, dispersion by interference of lighting reinforcement can be reduced 
according to the storage effect of the above-mentioned TDI sensors 205 and 206. Therefore, as are 
shown in drawing 14 and not crossed in a beam 3-10 and 3-12, it is not necessary to illuminate. Next, 
the gestalt of operation of the 2nd of defective test equipment, such as a foreign matter concerning this 
invention, is explained. The gestalt of the 2nd operation leans the optical axis of the detection optical- 
system section 200 betal from a perpendicular, in order to strengthen the scattered-light reinforcement 
from the defect of a foreign matter etc., as shown in drawing 15 . Other configurations are the same as 
that of the gestalt of the 1st operation shown in drawing 3 . By the way, as shown in drawing 16 , the 
scattered-light reinforcement from the particle for detection (foreign matter) becomes large, and 
detection sensitivity of the reason for having leaned the optical axis of the detection optical-system 
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section 200 betal from the perpendicular improves. Since the scattered lights 52 from that of a front face 
with the wavelength near 1/10 or less etc. are mostly scattered on us to the thing with the forward- 
scattering light 51 large [ this ] to lighting wavelength, ahead, a larger particle (foreign matter) than 
several [ 1/] originates in the scattered light from a particle becoming large relatively, consequently, the 
field on a circuit pattern — even when two or more thats are in a detection pixel, they come to show that 
total amount to reinforcement 53. therefore, the thing for which forward scattering is taken — a field — it 
becomes detectable about a particle or a defect to that. 

[0041] However, when a TDI (Time Delay Integration) sensor is used for detectors 205 and 206, the 
optical axis of the detection optical-system section 200 cannot be leaned due to the depth of focus. 
Therefore, in the case of the gestalt of this 2nd operation, using a 1 -dimensional sensor, the detection 
optical system 201-203 is increased actual size or several times, and as shown in drawin g 17 , the 
inclination of the TDI sensors 205 and 206 is set as beta 2 according to the formula shown below 
(several 4). A scale factor can be doubled by doing in this way on the whole surface. 
tanbeta2=M-tan beta 1 (several 4) 

However, M is taken as the scale factor of the detection optical system 201-203. In addition, when using 
a 1 -dimensional sensor, this inclination beta 2 is unnecessary. 

[0042] Next, in the gestalt of this 2nd operation, it explains eliminating the diffracted light produced 
from a non-repeat pattern and a repeat pattern, and detecting the scattered light from the defect of a 
foreign matter etc. with the 1 -dimensional detectors 205 and 206, such as a TDI sensor. Also in the 
gestalt of this 2nd operation, as the slit-like beam 3 shows drawin g 5 to the substrate 1 for inspected 
(wafer), it is illuminated. And as shown in drawing 1 1 (a), when it illuminates from a direction 10, the 
situation of injection of the diffracted light from a substrate 1 comes to be shown in drawing 1111 (b) 
like the 1st example. Namely, by making the intersection 18 of the injection direction 19 of specular 
reflection light, and the virtual spherical surface into zero-order light, as shown in drawing 11 (b), in 
order to inject in the direction of ** of the cone which makes an illuminating point top-most vertices a 
core [ the direction of a pattern (x directions, the direction of y) ], the miracle of an intersection with the 
virtual spherical surface 17 comes on the periphery of the base of this cone. Therefore, in the case of a 
repeat pattern, if the miracle of the zero-order diffracted light is seen from a normal, as shown in 
drawing 18 , it will become a straight line parallel to a x axis and the y-axis. In the case of a repeat 
pattern, especially the maximum of the zero-order diffracted light is located in the intersection 22 of this 
straight-line group. Therefore, opening 20b of the objective lens 201 in the detection optical system 200 
which inclined betal comes to be shown in drawing 18 . And when this opening 20b is seen from a 
direction 14 (the direction of an optical axis), the zero-order diffracted light 22 injects and it is visible at 
the intersection of a curve and a straight line as shown in drawing 19 (a). Then, in a spatial filter 202, 
when these diffracted lights are shaded by the protection-from-light section 207 of the shape of a straight 
line as shown in drawing 19 (b), the signal from a pattern can be removed. Moreover, when the pattern 
configuration of the repeat pattern on a wafer 1 and a pitch change, the pitch of the miracle of x and the 
direction of y changes focusing on the injecting point 18 of drawing 18 . Therefore, the pitch and phase 
of the diffracted light 22 will change within opening 20b. What is necessary is just to change the pitch 
and phase of the straight-line-like protection-from-light section 207 in a spatial filter 202, in order to 
shade these diffracted lights. As explained above, about a repeat pattern, it becomes possible to shade 
the diffracted light produced with a spatial filter 202. 

[0043] Next, the case of a non-repeat pattern is explained. Also in the non-repeat pattern, it is formed 
from the straight-line pattern which mainly turned to x and the direction of y. Therefore, like drawin g 
12 , when the slit-like beam 3 is illuminated from a direction 10, as shown in drawing 20 , the zero-order 
diffracted lights 21x and 21y of x and the direction of y will arise. However, although the scattered light 
from a particle will become large if the optical axis of the detection optical system 200 is leaned betal, 
zero-order diffracted-light 21x by which outgoing radiation was carried out in the direction of y will 
enter in opening 20b of an objective lens 201 . Therefore, in the case of a non-repeat pattern, it will be 
necessary to shade zero-order diffracted-light 21x with a spatial filter 202. Thus, since the diffracted- 
light stripes which are produced in the case of a repeat pattern, and the zero-order diffracted-light pattern 
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in the case of a non-repeat pattern will be different, it will be necessary to give both diffracted-light 
patterns to a spatial filter 202. However, when it is going to shade both diffracted-light patterns with a 
spatial filter, the reinforcement of the scattered light from the defect of the foreign matter which 
penetrates this spatial filter will decline, and sensibility will fall. Then, by [ which were mentioned 
above ] making perpendicular the optical axis of the detection optical system 200, and positioning 
opening of an objective lens 201 in 20a like the gestalt of the 1st operation Even if it illuminates the slit- 
like beam 3 from directions 10 and 12 to a non-repeat pattern The zero-order diffracted-light patterns 
21x and 21 y become possible [ preventing carrying out incidence into opening 20a of an objective lens 
201 ], and become possible [ detecting the defect of the foreign matter which exists on a non-repeat 
pattern ]. 

[0044] However, when it is going to detect the defect of the foreign matter which was mentioned above 
and which exists in the crevice during wiring as the gestalt of the 1st operation explained, as it is shown 
in drawing 13 , to illuminate [ 1 1 ] the slit-like beam 3 from the y-axis is needed. However, as shown in 
drawing 13 , incidence of zero-order diffracted-light 21y f will be carried out to opening 20a of an 
objective lens 201, and it will be necessary to shade in spatial filter 202 grade. But detection of the 
defect of the foreign matter which exists in the crevice during wiring is not the main thing of detection 
of the defect of a foreign matter etc., and since it is that as which an inspected object pattern is specified, 
also in an image processing, a cure is possible for it. It becomes possible to make it satisfied, if it 
constitutes so that the conditions explained above may be explained below. Namely, stop the lighting 
from directions 10 and 12 leaned about 45 degrees to the y-axis, and it illuminates with the beam 3 of 
the shape of a slit from [ 1 1 ] the y-axis. In the location of 20c which shows opening of an objective lens 
201 to drawing 21 by leaning the optical axis of the detection optical system 200 in y and the direction 
of a x axis from a perpendicular, by Lycium chinense In the case of a non-repeat pattern, it can prevent 
zero-order diffracted-light 21x' and that 21y' carries out incidence to opening 20c of an objective lens 
201 . If it does in this way, a spatial filter 202 can be constituted so that only the diffracted-light stripes 
produced from a repeat pattern may shade, and will become possible [ preventing the fall of the 
reinforcement of the scattered light from the defect of the foreign matter which penetrates a spatial 
filter]. 

[0045] However, it is necessary to make N.A. of an objective lens 201 small in this case. Although the 
problem is the focal location of detectors 205 and 206, as shown in drawin g 17 , it can double a focus 
throughout image formation by the configuration which leaned detectors 205 and 206. In this case, it is 
necessary to lean the inclination of detectors 205 and 206 in the direction perpendicular not only to the 
direction of beta 2 but both beta 2 and a direction 14 at coincidence. Furthermore, according to the 
detection optical system 200, since telecentric optical system is used, lateral magnification is not 
changed in the part from which a focal location differs. 

[0046] Next, the gestalt of operation of the 3rd of defective test equipment, such as a foreign matter 
concerning this invention, is explained. The gestalt of this 3rd operation is inferior to the gestalt of the 
1st and the 2nd operation, this - the - three -- operation - a gestalt - drawing 22 - being shown - as - 
a circuit ~ a pattern — receiving - 45 — a degree - a direction -- ten - 12 — from — a cone — a lens - 
104 — using - without — a cylindrical lens - 104 — ' — using — only — a slit — ** — a beam - a 
longitudinal direction - lighting — a direction -- ten — 12 — having turned — a slit — ** — a beam - 
three - ' -- a wafer - one - a top - illuminating - a thing - it is . That is, the beam of a configuration 
parallel to the plane of incidence of lighting is illuminated on a wafer 1 from the directions 10 and 12 to 
which only the include angle near 45 was leaned [ of the chip formed on the wafer 1 ] from the array. 
Naturally, slit-like beam 3 ? is formed in a longitudinal direction with parallel light, and, crosswise, is 
extracted to it. In addition, about the diffracted light from a repeat pattern and a non-repeat pattern 
formed in the chip 2 on the wafer 1, it becomes being the same as that of the gestalt of the above 1st and 
the 2nd implementation. With the gestalt of this 3rd operation, in order to simplify a chip comparison, it 
is necessary to use the scanning direction y of a stage as parallel to a chip, or a right angle. Furthermore, 
with the gestalt of this operation, since the integral direction of a TDI sensor does not become parallel to 
the stage scanning direction y, a TDI sensor cannot be used as detectors 205 and 206. Therefore, it is 
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necessary to use a 1 -dimensional linear sensor as detectors 205 and 206. Since the lightwave signal from 
area narrower than the beam width of lighting will be detected in the case of a linear sensor, in order to 
use the illumination light efficiently, lighting beam 3' is good to extract to the width of face near the 
image 4 of a sensor. When the pixel size of a sensor is 6.5 times the scale factor of 13 microns and 
optical system of this, specifically, the image of the sensor on a wafer serves as pixel size of 2 microns. 
When using laser with a wavelength of 532nm in this case, numerical-aperture N.A. of a direction right- 
angled to the longitudinal direction of the sensor of lens 104' of an illumination system is the formula 
shown below (several 5), and is good to carry out to about 0.5. Of course, this may be for gathering the 
effectiveness of lighting, and when this need does not exist, it may be still smaller N.A. 
d=1.22 and lambda/N.A. (several 5) 

Here, d is the half-value width of a beam and lambda is the wavelength of lighting. Moreover, by the 
lighting shown in drawing 22 , when using TDI for sensors 205 and 206, it is necessary to use TDI with 
a special configuration as shown in drawing 23 . That is, the integral direction serves as a special TDI 
sensor which has pixel composition which inclined phil. 

[0047] Next, defective inspection of the foreign matter which exists on insulator layers, such as an oxide 
film without a pattern, as an inspected object which conducts defective inspection of a foreign matter 
etc. is explained. The situation of dispersion of the light in transparent membranes, such as an oxide 
film, is shown in drawing 24 . For example, when the particle [ that it is small enough (several / of 
lighting wavelength / III) ] (foreign matter) 34 is shown in the front face of the oxide film 32 on a 
substrate 33, the wave front of the light from here injects in the shape of the spherical surface. That is, it 
injects to a detector side at the same time it injects to an oxide-film side. Here, the injected wave front is 
reflected by the interface of an oxide film 32 and a substrate 33. By interference, strength arises [ this 
reflected light and the light injected to the detector side ] in the injection direction. A detection output 
will change by this result 36, 37, and 38, for example, directions. These intensity distribution change, 
according to the thickness of an oxide film, and a refractive index, when it detects from the same 
direction as a result, detection luminous intensity will change, and sensibility will change. However, 
when it thinks with this model, the output of detection light does not change according to the direction 
of lighting. Moreover, it is checking that the output of detection light does not change even if it changes 
the incident angle of the illumination light by experiment. However, interference of light can be lost if 
white lighting is carried out. For this reason, in the gestalt of the above 1st and the 2nd implementation, 
the installed white illumination-light study system 500 is for detecting the foreign matter of the shape of 
insulator layer 32, such as an oxide film. Therefore, what is necessary is to turn ON the source 106 of 
the white light, and just to turn off a laser light source 101, when detecting the foreign matter on an 
insulator layer 32. Moreover, what is necessary is to turn ON a laser light source 101 and just to turn off 
the source 106 of the white light, when detecting the defect of the foreign matter on the usual circuit 
pattern etc. Moreover, what is necessary is just to use white lighting to the inspected object influenced of 
the wavelength of the illumination light. 

[0048] In the case of white lighting, it will illuminate by the shape of a bigger spot than the visual field 
of a TDI sensor. Moreover, in using a laser light source as illumination light, in order to carry out the 
detection output on an oxide film 32 to stability, the objective lens 201 of the big numerical aperture 
which can detect the great portion of light injected from a wafer front face needs to detect. Moreover, 
when using the objective lens of small numerical aperture, two or more objective lenses may be used 
and you may integrate with the detection output by these. Or you may integrate with the detection result 
by these, using the wavelength of the illumination light two or more. Here, you may think that there is 
almost no absorption (attenuation) within the film of the scattered light from a foreign matter. Since the 
injection direction turns into an one direction when there is no foreign matter, the output of this direction 
is changed by interference. However, when there is a foreign matter and the injection direction spreads, 
it is for interference to arise in the form of the intensity distribution by this injection direction. 
[0049] The configuration of the example in the case of detecting from two or more directions is shown 
in drawing 25 . Image formation of the light injected in the directions 213, 214, and 215 is carried out 
with the detection lenses 210, 211, and 212, and detectors 213, 214, and 215 detect, respectively. 
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Analog-to-digital (A/D) conversion is carried out by 451,452,453, and the integral means 454 is 
integrated with this result, it is made binary by the suitable threshold, and brings a detection result. The 
number of these detection systems 210, 21 1, and 212 does not necessarily need to be three, and that of 
them may be two. Moreover, a detection system here contains the detection system 200 shown in 
drawin g 3 , also when using, plurality (for example, betal=0 degree, betal=45 degree) and. Change of 
the detecting signal at the time of changing the thickness of an oxide film is shown in drawing 26 . (a) 
shows the intensity distribution 48 in a certain wavelength, and (b) shows repeatedly the change 48, 49, 
and 50 on the strength on three different wavelength. It turns out that a change on the strength as shown 
in drawin g 26 (a) can decrease greatly by this drawing 26 (b) by integrating with that detection result 
using two or more wavelength. In this case, what is necessary is just to illuminate the lighting of 
different wavelength from an incident angle or the direction which changed phi 1, since, as for detection 
signal strength, it turns out that it is not dependent on the incident angle of the illumination light. That is, 
it becomes possible by making the wavelength of the beam of the shape of a slit from the direction of 
10, 11, and 12 differ mutually to detect the signal which shows the foreign matter on insulator layers, 
such as an oxide film, according to the same detection optical system 200. Thus, since it does not 
interfere mutually by making the wavelength of the beam of the shape of a slit from each differ, it 
becomes possible to detect by the same detection optical system 200, and the cost rise by preparing two 
or more detection optical system can be avoided. Moreover, the detection optical system 200 is at least 
two wavelength, and since it can amend chromatic aberration (and focal distance) easily, as long as two 
wavelength is used, it does not have the difficulty on implementation. 

[0050] Next, the gestalt of operation of the 4th of defective test equipment, such as a foreign matter 
concerning this invention, is explained. By the way, it is required that a semiconductor device should 
also raise the yield further while microscopic **-ization progresses increasingly. Therefore, it is the 
relation by which the circuit pattern 0.3-0.2 micrometers or less formed into microscopic ** is formed in 
semi-conductor substrates, such as a semi-conductor wafer for manufacturing such a semiconductor 
device, and even if what has the defect of the foreign matter which exists on a semi-conductor substrate 
close to the very minute molecule or the atomic level of about 0.1 micrometers or less exists, it is in the 
situation which causes a malfunction as a semiconductor device. Since it is in such a situation, in 
defective test equipment, such as a foreign matter concerning this invention, it has been required that it 
is high sensitivity and the defect of the foreign matter of the microscopic smallness which exists on 
semi-conductor substrates, such as a semi-conductor wafer with which the circuit pattern about 0.3-0.2 
micrometers or less formed into microscopic ** exists, etc. can be inspected at high speed. 
[0051] It is drawing having shown the outline configuration of the 4th of the gestalt of operation of 
defective test equipment, such as a foreign matter concerning this invention, in drawin g 35 . Drawing 36 
is drawing having shown one example of the illumination-light study system. Namely, the stage 
301,302,303 in which the inspected object 1 which inspects the defect of the foreign matter with which 
the circuit pattern with which defective test equipment, such as a foreign matter, was formed into 
microscopic ** like the above-mentioned semi-conductor wafer (semi-conductor substrate) was formed 
is laid, The source 101 of the illumination light which consists of laser light sources, such as 
semiconductor laser, argon laser, YAG-SHG laser, and excimer laser, etc., The light of high brightness 
by which outgoing radiation was carried out from this source 101 of the illumination light (source of 
laser) from across The illumination-light study systems 102-105 illuminated on the substrate 1 for 
inspected by the Gaussian beam flux of light (lighting field 3) 107 of the shape of a slit which has 
Gaussian distribution mostly as an illuminance as shown in drawing 37 , It consists of the detection lens 
(objective lens) 201, a spatial filter 202, an image formation lens 203, ND filter 207, and beam splitter 
204 grade. The detection optical system which passes and carries out image formation based on the 
reflection diffraction light (or scattered light) from the detection field 4, It consists of TDI image 
sensors, CCD series, etc., and is constituted by the detectors 205 and 206 which have a light-receiving 
side corresponding to the detection field 4, and the data-processing section 400 which detects the defect 
of a foreign matter etc. based on the picture signal detected from these detectors 205 and 206. In 
addition, this defective test equipment is equipped with the automatic-focusing control system so that 
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the light-receiving side of detectors 205 and 206 may be made to carry out image formation of the front 
face of the inspected object 1. 

[0052] The concrete configuration of the source 101 of the illumination light, and the illumination-light 
study systems 102-105 The concave lens or convex lens 102 by which outgoing radiation was carried 
out from the source 101 of the illumination light as shown in drawin g 36 and to which the beam 
diameter of a laser beam 1006 is made to expand for example, The collimate lens 103 which changes 
into the almost parallel flux of light the beam expanded with concave or a convex lens 102, As it 
converges in the direction of the y-axis about the almost parallel flux of light changed with this 
collimate lens 103 and is shown on the inspected object 1 at drawin g 37 It consists of lighting lenses 
(optical system which has a focusing function in the direction of the y-axis) 104 with the cone curved 
surface irradiated by the Gaussian beam flux of light (lighting field 3) 1007 of the shape of a slit which 
has Gaussian distribution mostly as an illuminance. In addition, the beam expander to which a beam 
diameter is expanded with a concave lens or a convex lens 102, and a collimate lens 103 is constituted. 
The beam expander which consists of a collimator lens, a concave lens, and a receiver lens as these 
illumination-light study systems 102-104, As it converges in the direction of the y-axis about the almost 
parallel flux of light changed by this beam expander and is shown on the inspected object 1 at drawin g 
36 The cone lens 104 irradiated by the Gaussian beam flux of light (lighting field 2) 1007 of the shape 
of a slit which has Gaussian distribution mostly as an illuminance (optical system which has a focusing 
function in the direction of the y-axis), It can constitute from a mirror in which the slit-like Gaussian 
beam flux of light 1007 acquired with this cone lens 104 is reflected and which is irradiated from across 
to the inspected object 1 . 

[0053] By the way, by carrying out adjustable [ of the distance b between concave or a convex lens 102, 
and a collimate lens 103, or the distance between a concave lens and a receiver lens ], and setting it up 
by this configuration, adjustable [ of the lighting width of face of x directions which had Gaussian 
distribution mostly as an illuminance ] can be carried out, and it can be set up. That is, by adjusting a 
beam expander, adjustable [ of the x lay length Lx of the lighting field (slit-like flux of light 1007) 3 
which had Gaussian distribution mostly as an illuminance ] can be carried out, and it can be set up. 
Moreover, adjustable [ of the width of face Ly of the direction of y of the lighting field (slit-like 
Gaussian beam flux of light 1007) 3 which converged by changing the distance between the cone lens 
104 and the inspected object 1 ] can be carried out, and it can be set up. The detection field 4 shown in 
drawing 37 shows the detection field by TDI image sensors and the CCD series on the inspected object 
1. For example, in the case of TDI image sensors, each pixel size consists of 64x4096CCD image pick- 
up sensors of for example, 4096 trains in the MUX direction which operates in 64 lines and TDI mode 
in the time delay integral (TDI) direction by 27micrometerx27micrometer. That is, as the TDI image 
sensors 205a and 206a are shown in drawing 38 , n (for example, 64) stage formation of the line sensor 
is carried out. Although the Rhine rate which is the amount of information outputted from a sensor is 
equivalent to a line sensor By transmitting the accumulated charge for every Rhine rate rt as one by one 
as Rhine 1 and 2 and and synchronizing with the Rhine rate the feed rate of the y stage 302 which 
moves the inspected object 1 in the direction of the y-axis For example, the light figure 6 based on the 
scattered light or the diffracted light from the minute foreign matter 5 will be accumulated over long 
duration until it reaches Rhine n, and becomes possible [ detecting by high sensitivity also to the defect 
of a very minute foreign matter etc. ]. Although total of the scattered light until the image of the defect 
of a minute foreign matter etc. arrives at Rhine n from Rhine 1 fundamentally, or diffracted-light 
reinforcement will be detected in these image sensors, the scattered light or the diffracted light from the 
same point of the substrate for inspected which arrives at Rhine of each becomes incoherent time 
completely. 

[0054] As explained above, it irradiates from across so that the beam by which outgoing radiation was 
carried out may be changed into the slit-like Gaussian beam flux of light 1007 by the illumination-light 
study systems (exposure optical system) 102-104 and the lighting field 3 may be formed in the front face 
of the substrate 1 for inspected on a stage 301-303 by the flux of light 1007 of the changed shape of this 
slit from the source 101 of the illumination light. The detectors 205a and 206a which consisted of TDI 
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image sensors etc. By carrying out the sequential transfer of the charge accumulated in each pixel at the 
Rhine rate rt which synchronized with this feed rate, moving the substrate 1 for inspected in the 
direction of the y-axis by moving the y stage 302 in the direction of the y-axis Picturizing the light 
figure of the detection field 4 on the substrate 1 for inspected by which image formation is carried out by 
the detection optical system 201-204, scan by the width of face H of the detection field 4, and it detects 
to each pixel (component) of every. By processing this signal detected in the data-processing section 
400, it is high sensitivity and the defect of the minute foreign matter which exists in the above- 
mentioned detection field 4 can be inspected at a high speed. Thus, by using the TDI image sensors 205a 
and 206a, total (quantity of light = illuminance x time amount) of the illuminance of the scattered light 
produced from the defect of a minute foreign matter etc. or the diffracted light can be taken, and 
sensibility can be raised. Moreover, the slit- like beam flux of light 1007 is irradiated to the exposure 
field 3 at once, and the defect of the minute foreign matter which exists in the detection field 4 which 
has the large width of face H can be inspected at a high speed by receiving light about the detection field 
4 with TDI image sensors, making it synchronize with the Rhine rate rt of the TDI image sensors 205a 
and 206a, and moving the substrate 1 for inspected in the direction of the y-axis. 
[0055] Furthermore, the gestalt of the 4th operation concerning this invention for being high sensitivity 
and inspecting the defect of a very minute foreign matter about 0.1 micrometers or less etc. at a high 
speed is explained. That is, if it is going to detect the defect of a very minute foreign matter about 0.1 
micrometers or less etc. by high sensitivity, while strengthening the scattered light or diffracted-light 
reinforcement from the defect of a very minute foreign matter etc. which receives light in each pixel of 
TDI image-sensors 302a, it is necessary to make each pixel size on the substrate 1 for inspected or less 
into about lmicrometerxl micrometer. Thus, in order to make each pixel size on the substrate 1 for 
inspected or less into about lmicrometerxl micrometer, when each pixel size of TDI image sensors is 
27micrometerx27micrometer, what is necessary is just to make the image formation scale factor M of 
the detection optical system 201-204, such as an objective lens, into about 27 or more times, and 
realizing becomes possible. In addition, if it is used with what was constituted from a 26x4096CCD 
image pick-up sensor as TDI image sensors 205a and 206a, the detection field 4 will be set to about W= 
26 micrometers or less and about H= 4096 micrometers or less. Moreover, the detection optical system 
201-204 to which the light-receiving side of the TDI image sensors 205a and 206a is made to carry out 
image formation of the light figure by the scattered light or the diffracted light obtained from the front 
face of the substrate 1 for inspected By the relation which consists of objective lenses etc. It is MTF 
(Modulation Transfer Function) (change of the contrast of the image of a sinusoidal pattern as a function 
of spatial frequency) as it goes on the outskirts compared with the core (optical axis 2001) of a lens 
based on lens distortion. It has the property that what was expressed falls, therefore, the pole located in 
the edge (circumference) to which it separates from the optical axis 2001 of the detection field 4 shown, 
pixel 205ae and 206ae, i.e., drawing 37 , of the edge (circumference) to which it separates from the 
optical axis 2001 in the light-receiving side of the TDI image sensors 205a and 206a shown in drawin g 
38 (a) most, and MTF falls most, most, and MTF falls most — it is necessary to strengthen the scattered 
light or the diffracted-light reinforcement from the defect of a minute foreign matter etc. 
[0056] By the way, as shown in drawing 37 , the illuminance of the Gaussian beam flux of light 1007 of 
the shape of a slit irradiated by the front face of the substrate 1 for inspected in the exposure field 3 by 
the source 101 of the illumination light and the illumination-light study systems 102-104 is the relation 
it is usually related of Gaussian distribution, and although it becomes useless [ the lighting outside the 
detection field 4 ], it needs to extend and illuminate the lighting field 3 rather than the detection field 4. 
[0057] then, the illuminance located in the edge (circumference) to which this invention utilizes 
effectively the quantity of light by which outgoing radiation is carried out from the source 101 of the 
illumination light, without increasing the illuminance by which outgoing radiation is carried out from 
the source 101 of the illumination light, it separates from the optical axis 2001 of the detection field 4 
most, and MTF falls most from such a condition is increased most - making - a pole about 0.1 
micrometers or less - it is in detecting the defect of a minute foreign matter etc. by high sensitivity. That 
is, the illuminance located in the edge (circumference) to which it separates from the optical axis 2001 
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of the detection field 4 most, and MTF falls most by the illumination-light study systems 102-104 is 
most increased using the cheap source 101 of the illumination light (it consists of the filament light 
sources, such as the discharge tubes, such as laser light sources, such as semiconductor laser, argon 
laser, YAG-SHG laser, and excimer laser, a xenon lamp, and a mercury lamp, and a halogen lamp, etc.) 
which carries out outgoing radiation of the necessary minimum illuminance, and it is in realizing high 
lighting of effectiveness. 

[0058] That is, in case this invention irradiates the exposure field 3 of the substrate 1 for inspected by 
the beam flux of light 1007 of the shape of a slit which has the illuminance of Gaussian distribution by 
the source 101 of the illumination light, and the illumination-light study systems 102-104, it adjusts the 
illumination-light study systems 102-104 (control), and, specifically, determines the width of face of 
lighting so that the illuminance in the periphery of the detection field 4 may become max. Here, since it 
becomes the formula shown below (several 6) as shown in drawing 37 when the illuminance of the slit- 
like beam flux of light 1 007 is Gaussian distribution, it becomes the time of the formula shown below 
(several 7) that an illuminance becomes max by the outermost periphery of a lighting field. 
[0059] 
[Equation 6] 

1 i 
f(x 0 ) exp(-— — x 0 2) (ft6) 

rj2 no £ C c 

[0060] 
[Equation 7] 

do Jin <* Cf 2 <x* 

[0061] In this case, the illuminance f (xO) in the outermost periphery (edge) of the direction of a x axis 
of the detection field 4 where the light-receiving side of the TDI image sensors 205a and 206a 
corresponds serves as max by about 60.7% of core f (0). Namely, in a formula (several 7), it becomes 
the maximum (0) of f(x0) = 0.607f at the time of x0=sigma (at sigma=l, it is x0=l). In addition, in the 
above-mentioned (several 6) formula, it becomes f(x0) =0.49f(0) -0.73f(0) at the time of x0=0.8sigma- 
1.2sigma (at sigma=l, it is x0=0.8-1.2 (about **20% of plastic surgery error by the illumination-light 
study systems 102-104 is permitted about the Gaussian beam flux of light 1007.)). Moreover, in the 
above-mentioned (several 6) formula, it becomes f(x0) =0.46f(0) -0.71f(0) at the time of 0.8x0 - 
1.2x0=sigma (at sigma=0.8-1.2 (about **20% of plastic surgery error by the illumination-light study 
systems 102-104 is permitted about the Gaussian beam flux of light 1007.), it is x0=l). Therefore, 
x0=sigma of the Gaussian beam flux of light 1007 by the illumination-light study systems 102-104 (by 
sigma=l) If approved about **20% as a plastic surgery error set to x0=l, in the detection field 4, the 
ratio of the illuminance f (xO) of the periphery (periphery section) to illuminance [ of a core (optical axis 
2001) ] f (0) will be set to 0.46-0.73 (f(x0) =0.46f(0) -0.73f(0)). In addition, x0=sigma of the Gaussian 
beam flux of light 1007 by the illumination-light study systems 102-104 (by sigma=l) If approved about 
**10% as a plastic surgery error set to x0=l, in the detection field 4, the ratio of the illuminance f (xO) 
of the periphery (periphery section) to illuminance [ of a core (optical axis 2001) ] f (0) will be set to 
0.54-0.67 (f(x0) =0.54f(0) -0.67f(0)). 

[0062] In the detection field 4, anyway, the ratio of the illuminance f (xO) of the periphery (periphery 
section) to illuminance [ of a core (optical axis 2001) ] f (0) By operating the Gaussian beam flux of 
light 1007 orthopedically by the illumination-light study systems 102-104 so that it may be set to 0.46- 
0.73, it becomes possible to utilize effectively the beam by which outgoing radiation is carried out from 
the source 101 of the illumination light, and to bring the illuminance in the periphery of the detection 
field 4 close to max. Change of the illuminance (quantity of light per unit area) (x0=l) f in the periphery 
section (x0=l) of the direction of a x axis of the detection field 4 when changing the width of face sigma 
of the lighting of the direction of a x axis, i.e., standard deviation, was shown in the graph shown in 
drawin g 39 , without changing the quantity of light which is the total of an illuminance by which 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 11/12/2005 



JP,2000- 105203, A [DETAILED DESCRIPTION] 



Page 21 of 37 



outgoing radiation is carried out from the source 101 of the illumination light. 

[0063] Moreover, change of the illuminance (quantity of light per unit area) (xO) f in the coordinate xO 
of the direction of a x axis of the detection field 4 when changing the width of face sigma of lighting, 
i.e., standard deviation, with sigma=0.5, sigma^l, and sigma=2 was shown in the graph shown in 
drawin g 40 , without changing the quantity of light which is the total of an illuminance by which 
outgoing radiation is carried out from the source 101 of the illumination light. In order to make mostly 
the illuminance in the periphery section (x0=l) of the direction of a x axis of the detection field 4 into 
max so that clearly also from these drawin g 39 and drawing 40 , what is necessary will be just to 
illuminate the width of face of the lighting of the direction of a x axis based on the Gaussian distribution 
by the illumination-light study systems 102-104 so that it may be mostly set to sigma=l (standard 
deviation sigma==x 0). Namely, as shown in drawin g 37 , when die length from the core which is the 
optical axis of the detection field 4 to the periphery section of the direction of a x axis is set to xO, It 
operates orthopedically to the beam flux of light 1007 of the shape of a slit which has the illuminance of 
the Gaussian distribution which serves as standard deviation sigma=x 0 (die length from the core which 
is the optical axis of the detection field 4 to the periphery section of the direction of a x axis) mostly by 
the illumination-light study systems 102-104, and is the lighting field 3 (it Lx(es)) to the substrate 1 for 
inspected, as for Ly, an illuminance f shows 0.2 or more fields of f (0). ****** — what is necessary will 
be just to illuminate In addition, the pixel to which it separates from an optical axis 2001 most, and MTF 
falls most as a detector 205,206 in practice when using TDI image sensors and two-dimensional linear 
image sensors The corner of the detection field 4 (pixel 205ac located in the corner which is shown in 
drawing 38 in the case of TDI image sensors, and 206ac correspond.) Since it becomes what is located, 
to make it root (H/2) (2+(W/2) 2) is desired as the above xO. If W can be disregarded, it will become 
x0= (H/2). H and W show the width of face (die length) of the direction of a x axis of the detection field 
4 on the substrate for inspected, and the width of face of the direction of the y-axis. The width of face of 
(HxM) and the direction of the y-axis will be shown for the width of face of the direction of a x axis in 
the light-receiving field (image pick-up field) in TDI image sensors or two-dimensional linear image 
sensors by (WxM). In addition, M shows the image formation scale factor by the image formation 
optical system 201-204. 

[0064] As explained above, it is the periphery section (when using TDI image sensors and two- 
dimensional linear image sensors) of the direction of a x axis of the detection field 4. when the pixel 
which is most separated from an optical axis 2001 is set to xO (=root (H/2) (2+(W/2) 2) - or (H/2)) It 
operates orthopedically to the beam flux of light 1007 of the shape of a slit which has the illuminance of 
the Gaussian distribution which serves as sigma=x 0 mostly by the illumination- light study systems 102- 
104, and is the lighting field 3 (as for Lx and Ly, an illuminance f shows 0.2 or more fields off (0).) to 
the substrate 1 for inspected. ******, without using the special big source of the illumination light of 
power by illuminating The cheap usual source of the illumination light (it consists of the filament light 
sources, such as the discharge tubes, such as laser light sources, such as semiconductor laser, argon 
laser, YAG-SHG laser, and excimer laser, a xenon lamp, and a mercury lamp, and a halogen lamp, etc.) 
The scattered light or diffracted-light reinforcement from the defect of a minute foreign matter etc. 
which receives light by the pixel in the periphery of detectors 205 and 206 to which efficient lighting 
can be realized, consequently MTF falls most according to the detection optical system 201-204 can be 
strengthened using 101. Not only an about 0.1-0.5 -micrometer minute foreign matter but also the defect 
of a very minute foreign matter about 0.1 micrometers or less etc. is high sensitivity, and it can detect at 
high speed (with high throughput). In addition, even if the detection fields 4 differ especially like 
[ between a center section and the periphery of the direction of a x axis ] the relation of (f(x0) =0.46f(0) 
-0.73f(0)) in an illuminance Since the picture signal comrade obtained from the same pixel train of the 
direction of a x axis in the detection field which is made to move the inspected object 1 in the direction 
of the y-axis, and is detected from the detectors 205,206, such as TDI image sensors, in the image- 
processing section 400 will be compared There will almost be no effect of a difference of the 
illuminance between a center section and a periphery. And in the image-processing section 400, the 
defect of a foreign matter etc. can be detected and inspected by extracting a comrade's difference picture 
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signal every chip repeated by the same circuit pattern as origin in the picture signal which is made to 
move the inspected object 1 in the direction of the y-axis, and is detected from the detectors 205,206, 
such as TDI image sensors, and the whole eel, and judging this extracted difference picture signal by the 
desired criterion. 

[0065] Although an important thing is making mostly the illuminance (quantity of light) in the periphery 
of the detection field 4 into max here and the means for it is changing the width of face of lighting by 
the illumination-light study systems 102-104 in the gestalt of the above-mentioned implementation You 
may be means, such as changing the magnitude in the location of the Fourier transform which changes 
the configuration of the secondary light source of lighting, other means 102-104, for example, 
illumination-light study systems, or forms the secondary light source. Moreover, in order to use a DUV 
(far ultraviolet rays: Deep Ultra-violet) laser light source as a source 101 of the illumination light, it is 
necessary to use what has sensibility to DUV as image sensors 205,206. However, if the surface 
exposure mold TDI image sensors shown in drawing 41 (a) are used as image sensors 205 and 206, 
incident light will penetrate cover glass 805, and since it goes into CCD which passed the oxide film 
(Si02) 803 at the gate 801 between metal membranes 802, and was formed in the Si substrate 804, the 
incident light of short wavelength declines, there is almost no sensibility to the wavelength of 400nm or 
less, and if it remains as it is, detection of DUV light cannot be performed. So, in order to obtain the 
sensibility of DUV with surface exposure mold image sensors, there is the approach of making thin the 
oxide film 803 in the gate 801, and lessening attenuation of short wavelength. When organic thin layer 
coating is given to cover glass 805 and incidence of the DUV light is carried out as other approaches, it 
is making the light emit light according to it, and there is an approach the image sensors which have 
sensibility only in the light detect DUV light. 

[0066] On the other hand, as image sensors 205 and 206, as shown in drawin g 41 (b) By carrying out 
incidence of the light from a background without gate structure using the rear- face exposure mold TDI 
image sensors constituted so that thickness of the Si substrate 804 might be made thin and incidence of 
the light might be carried out from this background made thin DVD quantum efficiency is made about 
10% or more, quantum efficiency is high, a large dynamic range can be taken, and it can have sensibility 
also in wavelength of 400nm or less. Moreover, sensibility can be enlarged by setting image sensors 205 
and 206 to TDI (Time Delay Integration) like the above. As explained above, according to the gestalt of 
said 4th operation Although MTF falls as it separates from the optical axis 2001 in the detection optical 
system 201-204 A cheap laser light source etc. is used by increasing the illuminance in the periphery of 
the detection field 4 which is fitted and is detected with the detectors 205 and 206, such as TDI image 
sensors, and aiming at improvement in effectiveness of lighting. Not only the about 0.1-0.5-micrometer 
minute foreign matter on substrates for inspected, such as an LSI wafer, but also a very minute foreign 
matter about 0.1 micrometers or less is high sensitivity, and it can detect by the high throughput, 
moreover, the light figure based on UVD (far-ultraviolet) laser beams, such as excimer laser light which 
is obtained from the substrate for inspected according to the gestalt of said 4th operation, — TDI image 
sensors ~ light can be received — making - an about 0.1-0.5-micrometer minute foreign matter - from 
the first - a pole about 0.1 micrometers or less - a minute foreign matter can also be inspected. 
[0067] Next, the example of the image-processing section 400 common to the gestalt of the above 1st 
concerning this invention - the 4th implementation is explained. Dispersion will ride on the detecting 
signal which the process which does not become a defect makes a mistake in being delicate, and is 
obtained from detectors 205 and 206 by the noise at the time of detection etc. in devices, such as LSI 
which is the actual substrate 1 for inspected. That is, the pixel to which it corresponds between a chip 71 
and 72 so that it may be shown, for example, the signal level of 73 and 74, does not become the same at 
drawing 27 (a), but dispersion arises. Dispersion in a detecting signal will change with the locations (in 
for example, the case of Memory LSI a memory cell field, a circumference circuit field, other fields, 
etc.) 75 and 76 and 77 grades from which the structure of a pattern as shown in drawing 27 (b) is 
specifically different. As a result, in the small part of dispersion, only the big defect which produces a 
big signal change is detectable with the part of big dispersion to the small defect which produces a 
smaller signal change being detectable. Then, by computing dispersion (standard deviation) between the 
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chips which correspond for every pixel in a chip, and using the value for a setup of a threshold, the small 
field of dispersion be a small threshold and the place by which it be characterize [ of the image 
processing section 400 concerning this invention ] have a big field in a point as judge the defect of a 
foreign matter etc. and be inspect with a big threshold. It becomes possible to be able to make small the 
threshold in the small location (in for example, the case of Memory LSI memory cell field) of dispersion 
by this, without being influenced to the big field of dispersion, consequently to also detect a detailed 
foreign matter 0.1 micrometers or less. 

[0068] The 1st example of the image-processing section 400 is shown in drawin g 28 . The 1st example 
of the image-processing section 400 It synchronizes with migration of the direction of the y-axis of the 
substrate 1 for inspected from the image sensors 205 and 206 which consist of TDI image sensors etc. 
The picture signal shown with the gray level accumulated for every train pixel acquired The timing of 
the A/D-conversion section 401 and the sampling which carry out an AD translation The start stop 
command circuit 416 to take, data memory 404, the maximum minimum removal circuit 405 which 
removes the signal of the greatest and minimum level, the square calculation circuit 406 which computes 
the square of signal level s, the calculation circuit 407 which computes signal level s, the number count 
circuit 408, and the square of s It finds the integral, the square sum calculation circuit 409 with which it 
integrates, and the sum calculation circuit 410 which integrates with s — The detecting signal stored 
temporarily at the counting circuit 411 which asks for n, the forward side threshold (upper limit 
criterion) calculation circuit 412, the negative side threshold (minimum criterion) calculation circuit 413, 
and data memory 404 is compared with the forward side threshold computed and set up in the forward 
side threshold calculation circuit 412. The comparator circuit 414 which outputs the signal which shows 
the defect of a foreign matter etc., and the detecting signal stored temporarily at data memory 404 are 
compared with the negative side threshold computed and set up in the negative side threshold 
calculation circuit 413. The position coordinate in the system of coordinates set up to the substrate 1 for 
inspected to the signal which shows the defect of the foreign matter outputted from the comparator 
circuit 415 which outputs the signal which shows the defect of a foreign matter etc., and the above-, 
mentioned comparator circuits 414 and 415 is added. Furthermore, it consists of output means 417 to 
also attach the information about the substrate 1 for inspected, and to output a detection result. In 
addition, the above-mentioned maximum minimum removal circuit 405 is not necessarily needed. Since 
all the image data (the image data which shows a foreign matter is also included.) detected in calculation 
of the level of a threshold will be used when not using the above-mentioned maximum minimum 
removal circuit 405, the level of a threshold is detectable to exact and stability. It becomes impossible on 
the other hand, to inspect the foreign matter of the field which created this threshold with this created 
threshold. Then, it is necessary to create the threshold of a field to inspect in the field in which another 
chip train in the substrate 1 for inspected corresponds. Consequently, it will be necessary to make 
threshold creation and inspection of a foreign matter into another Rhine, and more throughputs will start 
somewhat. It is [ case / where there are especially few chips ] good to create a threshold using the image 
data covering two or more Rhine. In this case, a data incorporation location is specified with the start 
stop command means 416. 

[0069] Moreover, the output means 417 is equipped with CPU which controls the whole defective test 
equipment, such as a foreign matter concerning this invention. And 406-41 1 are for searching for the 
dispersion sigma of the background signal for every predetermined field in a chip. And the thresholds 
Th (H) and Th of a negative side (L) will be set up a forward [ for the forward side threshold calculation 
circuit 412 and the negative side threshold calculation circuit 413 to extract the signal which shows the 
defect of a foreign matter etc. based on the dispersion sigma of the background signal for every 
predetermined field in the called-for chip ] side. Even these [ 406-413 ] serve as the threshold setting 
circuit 424. On the other hand, data memory 404 is for storing the detection digital picture signal 
temporarily until a threshold is set up by the threshold setting circuit 424. Moreover, the position 
coordinate in the system of coordinates set up to the substrate 1 for inspected makes a zero the reference 
mark prepared in the substrate 1 for inspected, and is searched for based on the variation rate of a stage 
and read-out signals (scan signal), such as a TDI sensor, which were measured by the length measuring 
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machine (not shown). Moreover, 421 is an output means for displaying and outputting the forward side 
threshold Th (H) which shows dispersion (standard deviation sigma) to for example, a display means. A 
threshold becomes possible [judging whether it is suitable for every field in a chip ], looking at 
defective extract outputs, such as a foreign matter extracted from comparator circuits 414 and 415 by 
establishing this display means 421. 

[0070] Here, the detection result output means 417 also includes the network connected to the 
managerial system which has managed the thing, other test equipment, the check system or the 
manufacture process unit recorded on what displayed on the display of CRT etc., the thing to print as 
hard copy, a hard disk, a floppy disk, a magneto-optic-recording medium, an optical recording medium, 
LSI memory, an LSI memory card, etc., and the production line. And the output means 417 is equipped 
with CPU which controls the whole defective test equipment, such as a foreign matter concerning this 
invention. Here, A/D converter 401 changes the signal outputted from the detectors 205 and 206, such as 
a TDI sensor, into the pixel signal expressed with a digital signal. And A/D converter 401 may be in the 
same substrate in the detection signal-processing system 400, or may be near the detectors 205 and 206, 
such as a TDI sensor within the detection optical system 200. While it is effective in the noise at the 
time of electrical transmission decreasing since it is digitized when setting near the detectors 205 and 
206, there is also a demerit that the number of signal electrical transmission cables increases. 
[0071] Here, the contents of signal processing performed in the threshold setting circuit 424 are 
explained using drawing 27 . The chip 71 on a wafer 1 and the example of an array of 72 grades are 
shown in drawin g 27 (a). In many LSI manufactures, these chips repeat and manufacture the same thing. 
The chip of plurality (2 to 4 grade) may sometimes be manufactured to coincidence by one exposure. 
Therefore, the same pattern is manufactured in the same location during these chips. Therefore, 
originally the detecting signal of the correspondence location of these chips is the same. The signal of 
the pixel (i, j) in this chip (f, g) is set to s (i, j, f, g). As mentioned above, in the correspondence pixel, 
signal level must be in agreement. 

[0072] However, dispersion will arise in the detecting signal s of the pixel to which the process which 
does not become a defect makes a mistake in being delicate in fact, and it corresponds during a chip by 
the noise at the time of detection etc. And dispersion will differ in the location where the structure of a 
pattern is different in a chip. Then, it is based on the formula shown below (several 8), and is the 
detecting signal s between the correspondence locations of a chip (i, j, f, g) (thresholds Th (H) and Th 
(L) will be set up in quest of dispersion (standard deviation sigma (s, f, g)).). 

Th (H) =mu(s, f, g) +mlandsigma (s (i, j, f, g), f, g) Th(L) =mu(s, f, g)-ml and sigma (s (i, j, f, g), f, g) 
(several 8) 

Here, it is the threshold which the threshold and Th (L) to which Th (H) is computed in the threshold 
calculation circuit 412 by the side of forward, and is set are computed in the threshold calculation circuit 
413 of a negative side, and is set up. mu (s, f, g) is the average when changing the value of f of the 
signal s computed based on the formula shown below (several 9), and g. 
[0073] 

mu(s, f, g) =sigmas/n (several 9) 

sigmas (i, j, f, g) is computed by the calculation circuit 407 which computes signal level s, and the 
integrating circuit 410 which integrates with s, and n is computed by the number count circuit 408 and 
the counting circuit 411. sigma (s, f, g) shows the standard deviation when changing the value of f of the 
signal s computed based on the formula shown below (several 10), and g. ml is a scale factor 
(multiplier). 

sigma(s, f, g) =root (sigmas2-/n-sigma s/n) (several 10) 

sigmas(i, j, f, g) 2 is computed by the circuit 406 which computes the square of signal level s, and the 
circuit 409 which integrates with the square of s. Thus, a threshold is lengthened at the place which 
carried out standard deviation sigma (s, f, g) several times. It is usually thought that a scale factor ml is 
[ about six ] good. This is because the probability of occurrence more than 6sigma becomes the ** (-11) 
grade of 1x10. Since this probability has the number of images at the time of detecting the inside of a 
phi300mm wafer in the pixel size of 2x2 microns by the 10th power of 7x10, the value (misreport) 
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exceeding this threshold is the wafer whole region statistically, and it is searched for from becoming less 
than 1 pixel. Of course, when this value does not necessarily have the need of making it 6 and the 
effectiveness of this invention is demonstrated, it cannot be overemphasized that you may be another 
value. Another scale factor may be chosen also from there being not necessarily no need that the number 
of the misreports permitted is also less than by one. 

[0074] The 2nd example of the image-processing section 400 is shown in drawin g 4 . the point which is 
different from the 1st example is delayed in the picture signal of one chip by data memory 402 — 
making — difference - it is in extracting difference deltas= {s(i, j, f, g)-s (i, j, fH, g)} to the picture 
signal during a chip in the processing circuit 403. Therefore, in comparator circuits 414 and 415, the 
signal which is compared with the upper limit threshold Th (H) and the minimum threshold Th (L) 
which are shown by the formula shown below to this differential signal deltas= {s(i, j, f, g)-s (i, j, f+1, 
g)} (several 1 1), and shows the defect of a foreign matter etc. will be extracted. Therefore, in the 
threshold setting circuit of 406-413, the upper limit threshold Th (H) and the minimum threshold Th (L) 
will be set up based on the formula shown below (several 1 1). 
[0075] 

Th (H) =+mlandsigma (s(i, j, f, g)-s (i, j, f+1, g), f, g) 
Th(L) =-ml and sigma (s(i, j, f, g)-s (i, j, f+1, g), f, g) 
(Several 11) 

In addition, the standard deviation sigma of the difference image of a contiguity chip (delta s, f, g) is 
computed in this case based on the formula shown below (several 12). sigmadeltas is computed by the 
calculation circuit 407 which computes signal level deltas, and the integrating circuit 410 which 
integrates with deltas, and n is computed by the number count circuit 408 and the counting circuit 41 1. 
sigmadeltas2 is computed by the square calculation circuit 406 which computes the square of signal 
level deltas, and the square integrating circuit 409 which integrates with the square of deltas. 
sigma(s [ delta ], f, g) =root (sigmadeltas2/n-sigmadeltas/n) (several 12) 

Thus, by using difference image deltas of a contiguity chip, even if it has distribution in the detection 
picture signal in the chip, standard deviation sigma becomes small and the defective inspection of the 
foreign matter of high sensitivity etc. of it is attained more. 

[0076] Moreover, for example, when process conditions differ gradually toward a perimeter within a 
wafer from a core, the signal level within a wafer side changes from a core gradually toward a perimeter. 
Consequently, in calculation of the threshold by the formula (several 8), dispersion (standard deviation 
sigma (s, f, g)) will be computed greatly. In such a case, dispersion in the signal difference only during a 
contiguity chip (standard deviation sigma (delta s, f, g)) is detectable with an actual still smaller 
threshold greatly [ a formula (several 8) ] in fact, then, a formula (several 11) and (several 12) a formula 
— like — difference — it makes it possible to lengthen the threshold of lower level by computing based 
on value deltas. Moreover, you may compute as the improvement technique of this technique by the 
formula showing a threshold below (several 13). 

Th=mlandsigma (|s(i, j, f, g)-s(i, j, f+1, g) |, f, g) (several 13) — here, |deltas| means the absolute value of 
differential signal deltas, in this case, the difference shown in drawin g 29 and drawin g 30 the absolute 
value which takes absolute value |deltas| of the difference image of a contiguity chip for a processing 
circuit — difference — the processing circuit 403 — 1 — ** — it will carry out. Moreover, the absolute 
value Th of a threshold will be computed and the threshold calculation circuit 423 will be set up. 
Moreover, in a comparator circuit 414, the absolute value and threshold Th of difference will be 
compared and the signal of the defect of a foreign matter etc. will be extracted. 

[0077] In addition, the standard deviation sigma of the difference image of a contiguity chip (|deltas|, f, 
g) is computed in this case based on the formula shown below (several 14). Sigma|delta s| is computed 
by the calculation circuit 407 which computes signal level |deltas|, and the integrating circuit 410 which 
integrates with |deltas|. 

sigma(|deltas|, f, g) =root (sigmadeltas2/n-sigma|deltas|/n) (several 14) 

By the way, the 4th example shown in drawing 30 adds the memory location controller 422 to the 3rd 
example shown in drawing 29 . This memory location controller 422 specifies the coordinate on the 
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wafer to a detecting signal s or differential signal deltas. That is, the pixel during the chip which asks for 
a standard deviation sigma can be specified as arbitration based on the coordinate on a wafer. Moreover, 
since the coordinate on a wafer can be specified as arbitration, asking for standard deviation sigma also 
becomes possible from the circumference comrade of the view pixel during a chip. In the 3rd example 
shown in drawin g 29 , the position coordinate on a wafer is computed from the count result of the 
number of signals. In this case, although it is good when the chip which asks for a standard deviation 
sigma is located in a line with the horizontal single tier, it cannot ask for a standard deviation from the 
corresponding points of the chip of two trains. 

[0078] Then, the memory location controller 422 stores the computed result on the storing place of a 
signal, i.e., the coordinate of a detecting signal, like the 3rd example by providing for the square sum 
calculation circuit 409 which has a memory function, the sum calculation circuit 410, and a counting 
circuit 41 1 by computing the position coordinate of the detecting signal s which has been flowing, or 
differential signal deltas from signals, such as stage system of coordinates obtained from the stage 
controller 305. By this configuration, by the single tier, also when there are few chips, the measurement 
size of standard deviation calculation can be increased around a wafer, and the threshold calculation 
stabilized in the threshold calculation circuit 423 is attained. 

[0079] it explained above — as ~ difference — if it is made the absolute value of difference in the 
processing circuit 403, since it does not have a sign, it is effective in the ability to reduce capacity, such 
as memory 404. moreover, the standard deviation sigma computed from the result of having computed 
the absolute value -- difference — about [ which is an about 1.66 times bigger scale factor in order to be 
computed smaller than the calculation result from a value and to make the probability of occurrence into 
** (-1 1) of 1x10, namely, in order to be on normal distribution and to make it 6sigma ] — it is necessary 
to double ten sigma - difference — you may think that it is computed smaller 0.6 times than the 
calculation from a value. Moreover, by this technique, in order that the threshold over signal level s may 
not remain, it becomes a process control and failure-analysis top problem. Then, it has the circuit which 
computes the level of the threshold of the location in a chip (i, j) as a threshold map as shown in drawin g 
29 and drawing 30 . In this circuit, a threshold map is computed using average sigma|delta s|/n of the 
absolute value of standard deviation sigmaxm 1 (scale factor) which sets threshold calculation circuit 
423 and is obtained based on a formula (several 14), and the differential signal computed in the 
averaging circuit 425 by asking for the sum (mlxsigma) (+sigma|deltas|/n) of these values by the 
threshold calculation circuit 418 to the detection picture signal s or differential signal deltas. According 
to the location data (i, j) computed from the location of a stage 301,302 and a sensor 205,206, it is stored 
in the threshold map storing means 419 with the memory corresponding to each pixel (i, j) of the chip 
whole region, and this result gives an indication etc. if needed for a user with the threshold map output 
means (display means etc.) 421, and is outputted. Moreover, in the display means 421, a defective 
output and threshold maps, such as a foreign matter extracted from a comparator circuit 414, can be 
displayed, and it can judge whether a threshold is suitable. Moreover, it becomes possible by providing 
the output means 417 with the information on a threshold map to output a defective output and threshold 
maps, such as a foreign matter extracted from a comparator circuit 414. 

[0080] since this threshold level relates to the situation of a substrate, a substrate is a repeat pattern — a 
field — it corresponds with the information referred to as whether it is the severe area of that, whether it 
is the thin area of thickness, and whether to be the area where a pattern dimension is small. Therefore, it 
is important to analyze to the threshold of which level the detected foreign matter was detected. It is the 
form which follows, for example, is added to foreign matter signal level as detection foreign matter data, 
and it is meaningful to display and output the threshold of a location with the foreign matter to the 
display means 421. For that, the threshold map computed here is needed. 
[0081] incidentally ~ signal level s of a foreign matter -- not but (difference value + threshold), 
difference - it is thought that value deltas hits this. 

[0082] Moreover, as substrate data of the location where the foreign matter was detected, you could ask 
from the design data beforehand not only in the level of the above-mentioned threshold for the 
information on the fields in a chip (a memory area, logical circuit area, current supply area, area without 
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wiring, etc.). For that, the area map in the chip computed from the design data may be created, and it 
may code like threshold data from the coordinate in this chip at the time of a foreign matter display, or 
you may output by giving an indication etc. as language, moreover, the above — thing [ any ] substrate 
data may output by giving an indication etc. in the form of the foreign matter map for every substrate 
data, and the number of foreign matters for every substrate data. As mentioned above, the basic thought 
of this invention asks for the magnitude of dispersion in a signal, determines a threshold according to the 
magnitude of dispersion in this signal searched for, beforehand, may incorporate the data of a number 
chip and may compute a threshold for every pixel in a chip from that value in the threshold setting 
circuit 424. Under the present circumstances, this calculation may be a configuration in comparison with 
the signal level which computes beforehand at the same process of LSI of the same form, reads that 
result into the threshold memory in the threshold setting circuit 424 at the time of inspection, and enters 
one by one in comparator circuits 414 and 415. Moreover, the data for this threshold calculation may be 
computed once to every lot (13 sheets to 25 wafers), and may be computed for every wafer. 
[0083] In addition, by this invention, since a threshold level changes in the state of a substrate as 
explained above, the threshold level will show the condition of a substrate. That is, CPU which is the 
output means 417 can know on what kind of substrate the defect of a foreign matter etc. adhered and 
existed, if the signal which shows the defect of a foreign matter etc. is classified according to the 
threshold level which can be obtained from the threshold map storing means 419. The classification of a 
field without a pattern, the field of the eel section, the circumference pattern section, etc. will change 
into the condition of this substrate. Moreover, if the field data in a chip as shown in drawin g 1 or 
drawing 2 obtained from a CAD system etc. based on the CAD information inputted using the input 
means 426 which consisted of a network, a storage, etc. be used to CPU which be the output means 417, 
the condition of a substrate that the defect of a foreign matter etc. existed can be known still more 
directly. Here, the technique of guessing the condition of a substrate from the signal level (threshold 
level) of the above-mentioned substrate is effective in not setting up the field in a chip in advance, 
without using field data. In this case, once, CPU417 can be calculated from the threshold map in which 
the threshold level of the chip whole region was stored by the threshold map storing means 419, and can 
classify the level of a substrate as fields (for example, eel section etc.) from the size of that threshold 
level. Here, the field judging from this threshold level is possible, when the difference delta s during a 
contiguity chip is used, or when it computes from the signal level itself. Thus, only the foreign matter or 
defect on the eel section can be detected, and CPU417 can output and manage it, after getting to know a 
substrate condition. 

[0084] Next, the 5th example of the data-processing circuit 400 is explained using drawing 3 1 . namely, 
the 5th example — the difference of the data (detecting signal s) of a contiguity chip - after computing 
value deltas, dispersion in the data around an object pixel (standard deviation sigma (delta s, f, g)) is 
searched for. This 5th example is constituted by the delay memory 425 and 426 and the window logging 
circuit 427, and is constituted using the so-called pipeline processing system, the value (deltas (i+1, j+1, 
and f --)) of the circumference pixel excluding the value (deltas (i, j, f, g)) of the center of a window by 
406-413 g), delta s (i+1, j, f, g), delta s (i+1, j-1, f, g), delta s (i, j-1, f, g), delta s (i-1, j-1, f, g), and delta 
s (i-1 and j — ) Based on the formula shown below by f, g, delta s (i-1, j+1, f, g), and delta s (i, j+1, f, g) 
(several 15), dispersion sigma (delta s, f, g) is computed, and thresholds Th (H) and Th (L) are computed 
and set up based on this computed sigma. 
[0085] 

sigma(s [ delta ], f, g) =root (sigmadeltas2/8-sigmadeltas/8) (several 15) 

And in the comparison means 414 and 415, the defect of a foreign matter etc. is extracted by comparing 
with the set-up thresholds Th (H) and Th (L) and the value (deltas (i, j, f, g)) of the center of a previous 
window. A window size here does not need to be 3x3 which was not necessarily illustrated, may be the 
magnitude of 4x4, 5x5, and 7x7 grade others, or it may be constituted so that it may compute to two or 
more window sizes. Moreover, an inspected object does not need to be a central value and may compare 
with the average of either of the windows, or two or more pixels, the sum, etc. A window size should be 
determined according to the foreign matter size which should be detected, or the pattern configuration of 
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a background pattern. 

[0086] Next, the 6th example at the time of establishing the threshold of the absolute sensitivity of the 
data-processing section 400 is explained. By establishing the threshold of absolute sensitivity based on 
the above-mentioned (several 13) formula, the foreign matter in an LSI production process or 
management size of a defect can be made the same between processes, in CPU41 7, it amends whether it 
is which level to signal level (difference — a value ss is desirable) among the detection results (the 
coordinate of a foreign matter, signal level (difference level)) detected by the detection digital disposal 
circuit 400. It is good to specifically use signal level ss' amended by the following formulas (several 16) 
as correction factor k (t) by the laser power PI, (%) and the value ND of an ND filter at the time of 
inspection, the existence k of a polarizing plate (about ten are desirable when nothing [ it is, and ], 1 
and), the reflection factor rb of a substrate, and the thickness of an oxide film. In addition, since laser 
power has distribution (the so-called shading) in a lighting location, it is still better to use this 
distribution PI (x). 

ss'=ss/(Pl-ND-k-rb-k (t)) (several 16) 

Thus, the foreign matter size d can be displayed with the display means 421 using computed amendment 
signal level ss f by the correspondence function df of the signal level ss, and the foreign matter and 
defective size d for which it asked beforehand (ss). 
[0087] 

d=df(ss') (several 17) 

Here, when especially a foreign matter is small, amended signal level ss ? may use the relation of being 
proportional to the 6th [ -] power of d foreign matter size, using the theory of Mie dispersion. 
[0088] Next, in the data-processing circuit 400, the example which carries out a defective judging by the 
high S/N ratio also about a big foreign matter with not only a minute foreign matter but also breadth is 
explained, by the way, not only a minute foreign matter but not necessarily big in the comparator 
circuits 414 and 415 which carry out a defective judging in the data-processing circuit 400 — it is — it is 
— it is necessary to detect, without overlooking and carrying out the foreign matter of the shape of a thin 
film which spread in the range of several microns However, since it does not necessarily become large 
as detection signal level, in the detecting signal of a pixel unit, S/N will be low and overlooking will 
arise from this large foreign matter. Then, if detection signal level of a 1 -pixel average is set to S and 
dispersion in average is made into sigma/n, by calculating by starting and collapsing in the n pixel xn 
pixel unit equivalent to the magnitude of a large foreign matter, detection signal level will be set to n2S, 
dispersion will be set to nsigma, and a S/N ratio will serve as nS/sigma. On the other hand, if it is going 
to detect per 1 pixel about a large foreign matter, detection signal level will be set to S, dispersion will 
be set to sigma, and a S/N ratio will serve as S/sigma. Therefore, a S/N ratio can be raised n times by 
calculating by starting and collapsing in the n pixel xn pixel unit equivalent to the magnitude of a large 
foreign matter. About the minute foreign matter of 1 -pixel unit extent, the detection signal level detected 
per 1 pixel is set to S, dispersion is set to sigma, and a S/N ratio serves as S/sigma. If it calculates by 
starting and collapsing in a n pixel xn pixel unit about the minute foreign matter of 1 -pixel unit extent, 
detection signal level serves as S/n2, dispersion is set to nsigma, and a S/N ratio is set to S/nsigma. 
therefore - the minute foreign matter of 1 -pixel unit extent - the signal of a pixel unit - the one as it is 
can aim at improvement as a S/N ratio. 

[0089] As shown in drawing 5252 , the picture signal acquired from an image memory 404, so that 
clearly from having explained above Two or more operators 520 who changed the size of the pixel unit 
for a defective judging (For example, it consists of the operator 521 of a 1 -pixel unit, the operator 522 
who starts in a 3x3-pixel unit, an operator 523 who starts in a 4x4-pixel unit, an operator 524 who starts 
in a 5x5-pixel unit, and operator who starts in unit of nxn pixel 525 grade.) It starts in each, and when it 
calculates by having collapsed in each started operator and detection signal level of a 1 -pixel average is 
set to S, the gradation signal of the level of S, 9S, 16S and 25S, and n2S will be outputted from a central 
pixel, n On the other hand, each of the multiplication circuits 541, 542, 543, and 544 doubles the 
threshold (mlandsigma) obtained from the threshold circuit 423 of the threshold setting circuit 424 5 
times 4 times 3 times. These approximation-threshold multipliers 3, 4, and 5n are presumed from a 
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central limit theorem. And in each of the comparator circuits 531, 532, 533, 534, and 535 which 
constitute comparator circuit 414', to the gradation signal with which it collapsed in each operator and 
the operation was performed, and a threshold (m 1 andsigma), 3 times, it will be compared with the 
threshold n Doubled, a defective judging will be performed, and the signal which shows a foreign matter 
will be outputted 5 times 4 times. About the foreign matter of the magnitude of 3x3-pixel unit extent, 
from a comparator circuit 531 namely, from a comparator circuit 532 [ foreign matter / of 1 pixel unit 
extent / minute ] About the foreign matter of the magnitude of a comparator circuit 534 to nxn pixel unit 
extent, it will be detected [ foreign matter / of the magnitude of 4x4 pixel unit extent / foreign matter / of 
the magnitude of 5x5 pixel unit extent ] from a comparator circuit 535 from a comparator circuit 533. 
Therefore, by taking the OR of the signal which shows the foreign matter detected from each of 
comparator circuits 531-535 in OR circuit 550, the signal which shows the foreign matter which has 
various magnitude is detected as a high S/N ratio is also, and the rate of prehension can be raised also 
about the big foreign matter which was small as detection signal level and moreover had breadth. 
[0090] in addition, difference - if it integrates with a pixel signal and is made to output after processing 
circuit 403' whenever it has the operator who can change the size of the pixel unit for a defective judging 
as mentioned above and changes the size of a pixel unit, from a comparator circuit 414, the signal which 
shows the foreign matter of the magnitude suitable for the size of the changed pixel unit will be 
detected. However, although the thing which change the size of a pixel unit in this case and to do for the 
count inspection of plurality is needed, a value exact as a threshold will be set up. moreover, difference - 
- after processing circuit 403', in having two or more operators who can change the size of the pixel unit 
for a defective judging, the storage capacity of an image memory 404 needs two or more times. 
Moreover, an approximation-threshold multiplier may be applied to the threshold (ml andsigma) which 
may prepare more than one and is obtained from the threshold circuit 423 of the threshold setting circuit 
424 as a threshold setting circuit 424, and a threshold may be calculated. It becomes as detection signal 
level, it is small, and possible to catch correctly big ****** which moreover had breadth by doubling 
the size of the pixel unit for the defective judging with which it integrates or it collapses a boxcar 
function in comparator circuit 414', as explained above with the size of a foreign matter to detect. 
[0091] Next, the example about the condition broth technique in defective test equipment, such as a 
foreign matter concerning this invention, is explained using drawing 42 - drawin g 46 . That is, defective 
test equipment, such as a foreign matter concerning this invention, has the sequence of condition **** 
as shown in drawing 42 , and inspection is performed according to the verification condition made from 
this sequence. CPU417 is set to step S41. Namely, for the display means 421 The screen for [ various ] 
mode selection as shown in drawing 43 is displayed, the input means 426, such as a keyboard and a 
mouse, are used, and it is a chip matrix in a wafer (in the size of a chip). The data S41 1 of a chip array, 
like there are not a start point coordinate of a chip and a chip, condition broth mode (a. area priority) b. 
The mode of a criterion, c. sensibility priority, d. sensibility display post selection S412, and threshold 
prior selection (a. ml=6:misreport probability-of-occurrence 00% and b.ml=10:misreport probability- 
of-occurrence 00% and c.ml=15:misreport probability-of-occurrence 00%) S413 grade is chosen. In 
condition broth Mode S 41 1, a. area priority is in verification condition mode in which a comparatively 
big foreign matter can be inspected in an area larger than a canonical mode, by weakening power of the 
illumination light. What is necessary is just to set up the area of a non-inspection zone to 5% or less with 
area priority, although the field where background level was saturated turns into a non-inspection zone 
substantially. In drawing 45 , area priority shows the case where an about 2.5-micrometer foreign matter 
can be inspected from all area. 

[0092] b. A criterion is in verification condition mode in which a foreign matter can be inspected by 
standard sensibility. In drawing 45 , the criterion shows the canonical mode which can inspect an about 
1.0-micrometer foreign matter from about 90% of the whole inspection area, and can moreover inspect 
even an about 0.2-micrometer foreign matter. 

[0093] c. Sensibility priority is in verification condition mode set up so that the mode set up so that a 
foreign matter minuter than a canonical mode could be detected and sensibility might be made high, or 
the specified detection sensitivity could be secured. In drawing 45 , sensibility priority can inspect an 
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about 0.5-micrometer foreign matter from about 75% of the inspection area of the whole detection, and 
shows the mode which can moreover perform inspection of the foreign matter to 0.1 micrometers. 
Specifically, the power of the illumination light is set as the level which can secure the verification 
condition which can detect a foreign matter (it sets to drawin g 45 and is about OA micrometers) smaller 
than the foreign matter specified by detection size assignment, or the specified detection sensitivity (it 
sets to drawing 45 and an about 0.5-micrometer foreign matter is 75% or more in inspection area) by 
raising the power of the illumination light. 

[0094] d. Sensibility display post selection is the mode which displays the relation between the size 
(sensibility corresponding to a threshold) of the inspection result in the three above-mentioned modes, 
the threshold map in a chip, or a foreign matter, and inspection area (threshold histogram), and chooses a 
suitable thing. The power of the illumination light will be strengthened and the dynamic range will be 
made low as area priority weakens the power of the illumination light most, raises a dynamic range and 
goes to give [ a criterion and ] priority sensibility. Therefore, in a threshold map, in the case of an area 
priority mode, there are few non-inspection zones which cannot detect a foreign matter, but only the 
foreign matter to about 0.5 micrometers can be inspected. In the case of a canonical mode, the saturated 
non-inspection zone which cannot detect the foreign matter displayed on drawing 45 in white increases, 
but even an about 0.2-micrometer foreign matter can be inspected. Although the saturated non- 
inspection zone which cannot detect the foreign matter displayed on drawing 45 in white will increase 
further in the case of a sensibility priority mode, even an about 0.1 -micrometer foreign matter can be 
inspected. In addition, the rate 471 of surface ratio to sensibility and its integral value 472 are shown in 
the threshold histogram, and which value may be displayed on it. Selection of threshold presetting can 
be performed from the probability of occurrence of the misreport which looks at and permits 
probability-of-occurrence (occurrence frequency) 00% of the displayed misreport. That is, since a 
threshold is set up from the dispersion sigma of the level of a detection image as described above, it 
becomes possible to compute probability-of-occurrence 00% of a misreport automatically, and to 
display it based on a statistical theory, according to a scale factor ml. Thereby, the scale factor ml 
according to the probability of occurrence of a misreport, i.e., a threshold setup, can carry out easily. 
[0095] Next, in step S42, CPU417 sets up the spatial filter 202 according to the circuit pattern structure 
in the selected wafer with hand control or automatic, and sets it to step S43. As shown in drawing 46 , 
the image of this spatial filter 202 is checked with visual observation or automatic with the image by the 
image formation optical system 227 and TV camera 228 which doubled the focus with the filter 
location. In NO, it returns at step S42, a spatial filter 202 is set up again, and, in YES, it progresses to 
the following step. As a spatial filter 202, it is constituted so that the phase and pitch of a protection- 
from-light pattern can be changed. In addition, as shown in drawing 46 , the thing 225 which constituted 
in one the spatial filter observation optical system which consisted of a half mirror 226, an image 
formation lens 227, and TV camera 228, and a beam splitter 204 is constituted possible [ a change ], as 
an arrow head 230 shows. That is, when usually detecting a foreign matter, it will change so that a beam 
splitter 204 may be positioned in a detection optical axis and a half mirror 226 may be positioned in a 
detection optical axis at the time of positioning and spatial filter observation. And in an automatic case, 
by picturizing the protection-from-light pattern and the diffracted light which are similarly detected in 
opening 20a with TV camera 228, if shown in drawing 19 (b), the phase and pitch of a protection-from- 
light pattern can be doubled so that the diffracted light may be shaded. Moreover, by shifting the 
location of TV camera 228, as an arrow head 229 shows, the image of the circuit pattern in the substrate 
for inspected can also be observed, and it can double also about the directivity of a protection-from-light 
pattern. 

[0096] Next, CPU417 is set up in step S44 by inputting the scale factor (multiplier) ml to the standard 
deviation sigma for setting up threshold Th using the input means 426 in the about six to 1 5 range. Next, 
in step S45, by inputting the detection size of a foreign matter using the input means 426, assignment 
S451 of detection size is performed, and CPU417 computes the laser power which can detect the foreign 
matter of this specified size, and is set up by controlling a laser light source 101 by the control signal 
430 to become this computed laser power. Next, in order that CPU417 may create some chips or a 
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threshold all over the districts in step S46 Scan and inspect a wafer top and the threshold map computed 
with the threshold calculation means 418 is stored in the threshold map storing means 419. The 
threshold map (threshold image) shown in drawing 44 and drawing 45 , or a threshold histogram 
(relation with inspection area with sensibility (for example, axis of abscissa) and its sensibility), Or the 
thing ( drawing 45 ) displayed in the form where it integrated with this histogram The sensibility of 
whether it displays on the display means 421 and a threshold is in desired level (foreign matter size to 
detect) based on the this displayed threshold map is checked. In NO, it will return at step S45, detection 
size will be specified again, and, in YES, it will progress at the following step. 
[0097] Next, in step S47, CPU417 inspects the wafer whole region, and if there is a field where a 
misreport comes out to a part, it will set it up by making this field into a non-inspection zone (inhibit 
field) based on the CAD information in a chip, or the information on a threshold map depending on the 
case. Then, in step S48, based on the command from CPU417, a foreign matter etc. is inspected to the 
substrate 1 for inspected, and in the data-processing circuit 400, when judged as the defect of a foreign 
matter etc., the detection signal level and detection coordinate will be stored in storage 427. Next, in step 
S49, the actual substrate 1 for inspected is optically observed using the optical observation microscope 
700 which finally consists of above-mentioned foreign matter test equipment, a confocal microscope 
installed, or an ultraviolet ray microscope, and it checks that it is a misreport about whether it is the 
defect of a foreign matter etc. It will not be able to be checked without this check whether the condition 
broth has set up the optimal. The part to which a detailed complicated circuit pattern exists in the chip 
on the substrate 1 for inspected especially, and the part which an irregular color generates will be 
intermingled, and it is necessary to carry out the last check of a condition broth using the optical 
observation microscope 700. And in the misreport check in step S49, in NO, it sets to step S50, and by 
the case, it increases, the scale factor ml for a threshold setup (multiplier) is decreased, and laser power 
is changed into step S45 return and if needed. In YES, a condition broth is completed. 
[0098] Here, whether it omits a part or the above-mentioned procedure replaces sequence, it can attain 
the purpose. As explained above, a setup of the optimal condition broth to the foreign matter size 
(sensibility) which wants to detect a request can be performed easily in a short time. In addition, by 
moving stages 301 and 302, the optical observation in step S49 moves the foreign matter (a misreport is 
also included) detected on the inspected object 1 to the location of the detection optical system 701 of 
the optical observation microscope 700 shown in drawin g 46 , and observes this image. Since it has the 
image formation optical system of high resolution by the detection system 200 of this invention, and the 
coordinate precision in the case of this migration is high, under the usual microscope, it is unobservable 
in many cases (since the foreign matter especially smaller than the resolution limit of the detection 
optical system 200 by the dark-field-illumination systems 102-105 is detectable). Then, as for this 
optical observation microscope 700, it is desirable that resolution is very high, for example, it is by 
confocal optical system or the optical system which has lighting of that lighting wavelength is short (for 
example, 248nm, 365nm, 266nm or the wavelength of these neighborhoods, ultraviolet rays, or far 
ultraviolet rays). That is, the optical observation optical system 700 is ** which the image near an 
electron ray microscope image is obtained, and it asks for defective sizes, such as a foreign matter, with 
high precision, or can also classify the configuration of the defect of a foreign matter etc. according to 
the image of the wavelength around 200nm in this way. In addition, the configuration of the optical 
observation microscope 700 is shown in drawing 46 . The detection optical system 701 which has the 
TDI sensor which is shown in light field or dark field UV irradiation optical system, and drawing 41 , 
and in which ultraviolet-rays detection is possible, The image-processing system 702 which performs 
the image detected from the TDI sensor of this detection optical system 701 for A/D conversion etc., It 
consists of an image memory 704 which memorizes the image by which A/D conversion was carried out 
by this image-processing system 702 to the address based on the coordinate data of the foreign matter 
(what is considered to be a misreport) detected from the data-processing circuit 400, and a display 
means 703 to display an image. Therefore, a stage 301,302 is controlled based on the coordinate data of 
the foreign matter (what is considered to be a misreport) detected from the data-processing circuit 400, 
and the misreport under the optical observation microscope 700 can be checked by displaying the image 
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considered to be a misreport on the display means 703, and observing it. That is, the location of the 
detection coordinate stored in storage 427 is moved into the visual field of the optical observation 
microscope 700 on stages 301 and 302, the optical observation microscope 700 detects the image within 
a visual field, and it stores in the display means 703 as numerical image data in a display or an image 
memory 704. This data can also be again displayed, when required. Moreover, the data stored in the 
image memory 704 can make it possible to provide for CPU417 of the data-processing circuit 400, and 
can observe it later with the image data transmitted from other foreign matter test equipment. Anyway, 
as an optical observation microscope 700, ************** w hi c h has the above-mentioned high 
resolution, a dark field microscope with the above-mentioned illumination- light study system 100, a 
dark field microscope with incoherent lighting, a phase-contrast microscope, and a confocal microscope 
may be used. 

[0099] Moreover, a condition broth can be made to complete in the above-mentioned condition broth 
only by inputted and setting up the chip matrix in step S41, and the foreign matter size in step S45 
inspecting. That is, an input setup of a chip matrix and foreign matter size (the sensibility according to 
foreign matter size is sufficient.) is the indispensable setups in a condition broth. Moreover, the filter 
check in step S43, a setup of the scale factor ml in step S44, the sensibility check in step S46, a setup of 
the inhibit (non-inspection zone) in step S47, and the misreport check in step S49 are option setups. 
Moreover, in a threshold setup, generating of a misreport can be suppressed by using it with the 
threshold by the side of stability (big threshold), and conversely, even if some misreports come out by 
making a threshold small, the foreign matter of high sensitivity can be inspected. The former is fit for 
the latter analyzing the generating situation of a defect defect (classification of the foreign matter defect 
for investigation of a defect generating cause) toward quality control (it finds having become unusual.) 
of the processor of a wafer. 

[0100] Next, it is detected from image sensors 205,206 and foreign matter particle-size presumption 
which CPU417 performs from the scattered-light image which A/D conversion is carried out with A/D 
converter 401, and is memorized in an image memory 404 is explained using drawin g 47 . that is, the 
signal level (difference — a value ss is desirable) of the scattered light is equivalent to magnitude, such 
as a particle or a blemish which the scattered light is generated. Therefore, CPU417 can match amended 
detecting-signal ss' with the size d of a foreign matter or a defect by multiplying a detecting, signal ss by 
correction factor k (t) computed according to laser power, the polarizing plate 208 at the time of 
inspection, a spatial filter 202, the include angle phi 1 of lighting, and the conditions of alphal grade. 
Then, CPU417 can use for the detection size assignment in step S45 the foreign matter for which it 
asked in this way, or the size information on a defect in the above-mentioned condition broth. Moreover, 
since a fixed inclination is looked at by the magnitude (the number of pixels which shows the breadth of 
the image of a foreign matter) of an image and the magnitude of a foreign matter which show the foreign 
matter in the detection image which is detected by the TDI image sensors 205a and 206a, and is 
memorized in an image memory 404 as shown in drawin g 47 It becomes possible to match foreign 
matter particle size from the detection image with which CPU417 was memorized in the image memory 
404 by carrying out counting of the number of pixels which shows a foreign matter. It can find out 
magnitude of the image which the magnitude of a foreign matter shows a foreign matter also in 0.13 
micrometers - about 0.2 micrometers especially, and correlation to be, and it becomes possible to 
presume the magnitude (particle size) of a foreign matter. Moreover, it is the foreign matter size which 
enters in one pixel, and when signal level exceeds the dynamic range of image sensors 205 and 206, 
foreign matter size can be presumed by the following approaches. That is, since image formation is 
carried out with breadth as shown in drawing 48 (a) even if it is the case where it goes into one pixel, a 
peak level, i.e., the signal strength beyond a dynamic range, can be presumed from the standup of this 
breadth part, and the width of face (width of face W of a certain threshold) of falling. In this case, as 
shown in drawing 48 (b), presumption of foreign matter size can be further made easy from a detection 
image by producing dispersion on the front face of cover glass 220, and making breadth from making 
the cover glass 220 of image sensors 205,206 into specific surface roughness compulsorily. 
[0101] Next, two or more inspection depended on the foreign matter test equipment concerning this 
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invention is explained. That is, two or more inspection is area priority, a criterion, and the conditions 
which enlarged power of the illumination light like sensibility priority, standard conditions and the 
conditions made small, in order to earn a dynamic range, they inspects the front face of the substrate 1 
for inspected, makes the result an inspection defect, and CPU417 is outputted. CPU417 can unify simply 
two or more above-mentioned inspection results, and can output an inspection result map (drawing 
which considered the mark of a defect as the plot with the inspection result map at the position 
coordinate by which the defect of a foreign matter etc. was detected in the substrate 1 for inspected.). 
Moreover, the list and map in which not a map but the coordinate list of foreign matters or the detection 
signal level of a foreign matter is shown are sufficient as CPU417. Moreover, as two or more inspection, 
in order to earn a dynamic range, what changed the transit time of a stage 301,302 may be used so that 
the defect of a more detailed blemish, a foreign matter, etc. can be detected. Furthermore, the conditions 
using the conditions of the lighting directions alphal, phil (zero are also included), and phi2 (zero are 
also included), the existence of a polarizing plate 208, the white lighting 500, and the laser lighting 100 
by the illumination-light study system 100 etc. may be changed. 

[0102] Moreover, the art in CPU417 may also be the result (it classified) of mapping detection signal 
level ss f by which the defect inspected by two or more verification conditions was amended to the space 
of each dimension (the power of the illumination light, the lighting direction, the existence of a 
polarizing plate, white lighting, and laser lighting), and carrying out a class division from the distance in 
space. For example, as shown in drawing 49 , detection signal level ss f according detection signal level 
ss ! by the laser illumination system 100 to another illumination system (there are a white illumination 
system 500 and an illumination system shown in drawing 5050 .) is plotted to a x axis at the y-axis. 
Thereby, the location of these plots can be classified into two fields according to straight-line y=beta x 
set up beforehand. And this classification result will show the description of a foreign matter. When 
using the illumination system shown in drawing 50 as another illumination system, the defect of the 
foreign matter plotted by the field of y>beta x is the blemish and the flat foreign matter 491 which do 
not shine so much with the method lighting of slanting, and it is checked by experiment that the defect 
of the foreign matter plotted by the field of y<beta x is the foreign matter 492 which has height 
comparatively. Here, this boundary line does not need to be the above-mentioned straight line, and the 
straight line or curve of the curve of arbitration or two or more arbitration is sufficient as it. Moreover, 
the space which finds such distance may give two or more dimensions. Furthermore, these inspection of 
two or more may be inspected by coincidence with detectors 205 and 206. The illumination system 
shown in drawing 50 changes to carrying out method lighting of the laser beam bundles 10, 11, and 12 
shown in drawin g 3 of slanting, inserts the detailed straight-line-like mirror 240 between an objective 
lens 201 and the substrate 1 for inspected, reflects the laser beam bundle 10 by the detailed straight- line- 
like mirror 240, and illuminates the beam flux of light 3 almost perpendicularly to the substrate 1 for 
inspected. Therefore, the zero-order diffracted light (specular reflection light) from the substrate 1 for 
inspected will be shaded by the detailed straight-line-like mirror 240, and the primary more than 
diffracted light will pass an objective lens 201. In addition, as for the detailed straight-line-like mirror 
240, in the field of a spatial filter 202, it is desirable that it is the band of the shape of a sufficiently thin 
straight line so that the function of a spatial filter 202 can be achieved. 

[0103] Next, connection with the foreign matter test equipment and the external device concerning this 
invention is explained. That is, CPU471 controls the whole foreign matter test equipment concerning 
this invention. Therefore, the conditions for an inspection result or inspection (especially threshold map) 
etc. are stored in the storage 427 connected to CPU417. And to connect the inspection result stored in 
these storage 427 or a verification condition to an alien machine through Local Area Network 428 or a 
modem is desired. The situation of an improvement of the verification condition in foreign matter test 
equipment and the problem of foreign matter test equipment etc. can be exchanged by connecting to the 
Internet especially between the user who uses foreign matter test equipment, and the manufacturer of 
foreign matter test equipment. In an exchange of these data, secrecy can be held by having a code key 
and enciphering data between a foreign matter test equipment manufacturer and a user. Moreover, it also 
becomes possible to exchange the situation of an improvement of the process conditions in a process 
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processor based on inspection results, such as a foreign matter inspected with foreign matter test 
equipment, and the problem of a process processor etc. between the user who uses a process processor, 
and the manufacturer of a process processor. Moreover, by constituting the image processing system 400 
concerning this invention from a programmable system, it can be shown in drawing 4 , drawin g 28 , 
drawin g 2929 , drawing 30 , and drawing 3 1 , and an algorithm can be rewritten and performed. These 
algorithms are because corresponding to partial fluctuation of the signal strength by interference of the 
oxide film on the front face of a wafer etc., and can realize the so-called algorithm corresponding to an 
irregular color. 

[0104] Next, a production line and its manufacture approaches, such as a semi-conductor using the 
defective test equipment concerning this invention explained above, are explained using drawin g 32 - 
drawing 34 . As shown in drawin g 32 , production lines, such as a semi-conductor using the defective 
test equipment concerning this invention, are constituted by a production process 601 thru/or 609, test 
equipment 610 or 612, the probe inspection process 614, and the data- analytic system 613. It is 
continuously monitored with test equipment 612, such as defective test equipment with which a 
production process requires these processes for above-mentioned this invention including the processes 
601, 605, 608, and 609 that effect in the yield is large especially (the yield is influenced). Moreover, 
when abnormalities are detected by this monitor between the abnormalities 601 between processes, for 
example, a process, and 606, the processes 602, 603, and 604 in the meantime are supervised with test 
equipment 610, and identify the process which makes abnormalities, or equipment. Moreover, especially 
the important process 607 is supervised in occupancy with test equipment 611. 

[0105] By the way, in order to be able to inspect the defect of the foreign matter adhering to the desired 
foreign matter or the desired maximum front face of only a process etc. in a high discernment precision, 
it is good to carry out defective inspection of the foreign matter by the foreign matter test equipment 612 
concerning this invention etc., after carrying out process processing before carrying out process 
processing of this process, and to search for the logical difference of the defective inspection result after 
process processing, and the defective inspection result before process processing. Here, in case it judges 
based on this logical difference, it is not accidentally judged as the defect which generated the foreign 
matter generated before this process at this process. It is better to overlook this defect rather. It is 
because measures will be taken based on the mistaken decision so that a defect may not occur. 
[0106] However, only the defect of the foreign matter generated in this process down stream processing 
is necessarily undetectable with the above-mentioned logical difference. This is based on the following 
reasons. The defect which the film was formed in the front face of the defect of a foreign matter etc. of 
membrane formation etc., defective sizes, such as a foreign matter, became large as a result, and 
inspection sensibility of the reason improved, and existed from before membrane formation is because it 
will be inspected after membrane formation. That is, in fact, in front of the membrane formation process, 
it is discovered after this membrane formation process, without being inspected, and the defect which 
must have been attached from before will be judged by mistake to have generated at this membrane 
formation process. 

[0107] Then, the decision which can detect now the detailed defect attached from before, and made a 
mistake in it can be abolished by making a scale factor ml small, lowering a threshold beforehand, at the 
time of the inspection before this membrane formation process, and raising inspection sensibility at it. 
Thus, when the inspection sensibility in front of this membrane formation process is raised, incorrect 
detection (misreport) will increase, but as shown in drawing 5 1 , it does not become a problem by taking 
the logical difference (B-A) before and behind this process. However, a surface condition may change 
before and after process processing for every field in the chip of the substrate 1 for inspected. Even if it 
lowers a threshold on the whole before process processing, background level is high, and the field where 
a threshold will be in the condition of not inspecting, or a low sensibility condition, as a matter of fact 
greatly as a result exists, and it becomes impossible for this reason, to detect the detailed defect attached 
from before from this field. 

[0108] then, it sets to CPU417 of the data-processing circuit 400 of the defective test equipment 612 
concerning this invention - it is judged as the defect which it was detected as Ia>Tha in Ib<Tb, and was 
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generated in the process down stream processing P concerned only at the time of Ia>kappa-Thb. 
Namely, even if it raises and inspects inspection sensibility as much as possible by the inspection before 
the process down stream processing P concerned, when a defect is not able to be detected, it sets. Even if 
it drops inspection sensibility on the inspection after the process down stream processing concerned and 
raises a threshold, only when a defect is detected It is judged as the defect generated in the process down 
stream processing P concerned, inspection sensibility is dropped on the inspection after the process 
down stream processing concerned, and when a defect is not detected for kappa double ****** in a 
threshold, either, the decision mistook by carrying out processing which overlooks this defect can be 
abolished. That is because the probability judged to be the defect produced in the process down stream 
processing concerned falls. Naturally, in Ib>=Thb, it can be regarded as the defect generated before. 
However, the detection signal level of the defect by which la was detected in the inspection after the 
process down stream processing concerned, and lb show the detection signal level of the defect detected 
in the inspection before the process down stream processing concerned. The inspection threshold level 
by which Tha is obtained from the threshold map storing means 419 after the process down stream 
processing concerned, and Thb show the inspection threshold level obtained from the threshold map 
storing means 419 lowered as much as possible before the process down stream processing concerned, 
kappa is a multiplier exceeding 1 and is determined according to Thb. In addition, in the comparator 
circuit 414 grade of the data-processing circuit 400 of defective test equipment, it will be compared 
about la, and Tha, lb and Thb. 

[0109] therefore, the threshold level (threshold image) of the field according to the chip whole region or 
this in front of process down stream processing (a case — after process down stream processing) which 
was obtained from the threshold map storing means 419, and was memorized by storage 427, and the 
defective detecting signal before and behind the process process which was acquired from memory 404 
and memorized by storage 427 are needed for the above-mentioned defective judging processing which 
CPU4 17 performs. Important one memorizes the information on the threshold map at the time of 
inspection before process down stream processing to storage 427, and is to determine the multiplier 
kappa which determines the threshold at the time of inspection after process down stream processing 
(kappa-Tha) using the information on this threshold map. Naturally, Tha will be computed in the 
threshold calculation means 418 at the time of inspection after process down stream processing. 
Furthermore, the monitor technique which defective test equipment 612 supervises to processes 602 and 
603 and 604 grades is explained, the 1st technique passes through a process paying attention to the 
wafer in a lot ** — it is the process monitor technique by the same wafer which supervises the 
condition (change) of adhesion of the defect of the foreign matter of a view wafer etc. The 2nd 
technique is the technique of supervising the condition of the process unit or a process by supervising 
the condition before and behind the wafer which passes the process paying attention to a certain process 
unit or process. Although all are common in that the condition of a process is supervised, the 1st 
technique compares between processes, the purpose looks for the bad process of a condition, and the 2nd 
technique is the purposes with main comparing a change of a certain process with time. That is, the 
monitor of the accidents, such as sudden foreign matter generating, is carried out, or the 2nd technique 
aims at evaluating the effectiveness after implementing cures against defective reduction, such as a 
certain foreign matter, etc. 

[0110] It can know how the defect is fluctuating the management which pays its attention to the 
especially specific process process by test equipment 612, or its equipment here at this process. 
Furthermore, using the size of the foreign matter detected especially here, by judging the fatality in this 
process of that foreign matter, the importance of the cure of this foreign matter can be known, and it 
becomes the motivation when coping with it, and becomes very effective in this management. That is, 
by getting to know the magnitude of the cure effectiveness of the defect of a foreign matter etc., he is 
more strongly conscious of the consciousness to a cure, and it can connect to cure action. As explained 
above, the data supervised and incorporated are incorporated by the data-analytic system 613, and 
relation with the yield etc. is analyzed from generating of abnormalities, and relation with the data from 
the probe inspection process 614. Furthermore, test equipment, such as the Mitsuaki campimetry besides 
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the defective test equipment concerning above-mentioned this invention and SEM inspection, is used for 
the above-mentioned test equipment 610, 611, and 612. These test equipment has each features and 
detectable foreign matters differ. Then, by using these test equipment together, it is total and the 
dependability of inspection can be improved. Moreover, these test equipment has a difference also in 
inspection time amount (throughput of inspection) from the detection principle. Although the laser 
dispersion method of the above-mentioned defective inspection method of a high throughput is suitable 
for inspection of a particle, its rate of prehension at the time of detection is low by the coherence of 
laser. Although it is high, since the Mitsuaki campimetry needs high resolution at the time of a sampling 
for the reason at the time of a compare check, its throughput is low. [ of the rate of prehension ] 
Although improvement in the speed of inspection is difficult since the inspection using an electron ray 
has low SN, it is fit for inspection of the upper defective continuity who can inspect high resolving. 
[01 1 1] It is necessary to systematize these test equipment in an LSI production process, taking 
sensibility, a throughput, a detectable object, etc. into consideration. As shown in drawing 33 , when 
each test equipment increases the defect of a foreign matter detectable from 26 to 29 etc. from 24 to 27 
and increases the total number of detection of a system from 25 to 28 to it, the system which has the 
high engine performance on the whole can be built. The transition 30 of the yield at the time of mass- 
production starting is shown in drawin g 34 . Moreover, the transition 31 of the number of defects is also 
shown in coincidence. The number of defects falls as the yield improves. However, also in the situation 
that the yield started, the number of defects rises suddenly and the yield may be reduced. Then, it is 
necessary to get to know these defective generating promptly, and to cope with a stop defective 
generating cause to production of a defective generating process temporarily. Therefore, defective test 
equipment, such as a foreign matter concerning this invention, is needed. 
[0112] 

[Effect of the Invention] According to this invention, the effectiveness that can improve the 
effectiveness of lighting and can reduce the diffracted light from the pattern in substrates, such as an LSI 
pattern, according to a spatial filter and the lighting direction, and the foreign matter and defect on the 
substrate of LSI wafer superiors are detectable by high sensitivity and the high throughput since a 
threshold can be low set up for every location where dispersion in a chip differs further is done so. 
Moreover, according to this invention, the effectiveness that it is high sensitivity and the minute foreign 
matter and defect which exist on the substrate for inspected with which a repeat pattern and a non-repeat 
pattern are intermingled can be detected at a high speed is done so using the usual TDI sensor of high 
sensitivity. Moreover, according to this invention, the quantity of light of the Gaussian beam flux of 
light by which outgoing radiation is carried out from the usual cheap light source, for example, a laser 
light source, is used effectively, and the effectiveness that it is high sensitivity and the defect of a very 
minute foreign matter about 0.1 micrometers or less etc. can also be inspected at high speed is done so. 
Moreover, according to this invention, the quantity of light of the Gaussian beam flux of light by which 
outgoing radiation is carried out from a laser light source is used effectively, and the effectiveness that 
the lack of the illuminance [ in / it is alike, therefore / the periphery of the detection field on the substrate 
for inspected ] to which is resembled, therefore MTF falls which moreover separates from an optical 
axis in detection optical system is canceled, it is high sensitivity and the defect of a very minute foreign 
matter about 0.1 micrometers or less etc. can also be inspected at high speed is done so, for example. 
[0113] Moreover, the effectiveness that the defect of a true foreign matter etc. can be inspected is done 
so, without according to this invention, setting the threshold level which is a criterion as the optimal 
sensibility according to the various circuit pattern spaces in the structure arranged on the substrate for 
inspected, and making a misreport increase remarkably. Moreover, according to this invention, the 
effectiveness that the defect of the foreign matter of size etc. in which he wants to set up and detect the 
threshold level which is a criterion according to defective sizes, such as a foreign matter to detect in the 
various circuit pattern spaces in the structure arranged on the substrate for inspected, can be inspected is 
done so. Moreover, according to this invention, the effectiveness that the defect of a foreign matter etc. 
can be inspected as the size of the defect of the foreign matter which exists in the various circuit pattern 
spaces in the structure arranged on the substrate for inspected can be presumed is done so. 
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CLAIMS 



[Claim(s)] 

[Claim 1] As opposed to the substrate for inspected with which the circuit pattern was formed in the 
longitudinal direction in the slit-like beam which consists of parallel light mostly Have a predetermined 
inclination from [ of this substrate ] a normal, and it has a flat-surface top predetermined inclination to 
the main straight-line groups of said circuit pattern. The lighting process illuminated so that it may 
become a right angle mostly to the transit direction of the stage where a longitudinal direction makes it 
lay and run said substrate for inspected, The detection process which receives the reflective scattered 
light obtained from the defect of the foreign matter which exists on the substrate for inspected 
illuminated in this lighting process with image sensors, changes into a signal, and is detected, The 
defective inspection approach characterized by having the defective judging process in which the signal 
which shows the defect of a foreign matter etc. based on the signal detected in this detection process is 
extracted. 

[Claim 2] The defective inspection approach according to claim 1 characterized by the circuit pattern 
which exists on the substrate for inspected shading the diffracted-light pattern from a pattern with a 
spatial filter in said detection process repeatedly at least. 

[Claim 3] The defective inspection approach according to claim 1 or 2 which makes it at a radical the 
signal acquired from the part in which the same circuit pattern was originally formed, or its near by said 
detection in said defective judging process, and is characterized by to extract the signal which shows the 
defect of a foreign matter etc. from said detected signal based on the criterion which computes 
dispersion and is set up based on this computed dispersion. 

[Claim 4] The defective inspection approach according to claim 1 or 2 characterized by extracting the 
signal which shows the defect of a foreign matter etc. based on the criterion set up in said defective 
judging process for every various fields which constitute said circuit pattern to said detected signal. 
[Claim 5] The defective inspection approach according to claim 1, 2, 3, or 4 characterized by the 
inclination on the flat surface over the main straight-line groups of the circuit pattern of a slit-like beam 
being about 45 degrees in said lighting process. 

[Claim 6] The stage which makes it lay and run the substrate for inspected with which the circuit pattern 
was formed, The beam by which outgoing radiation is carried out from the light source is used as the 
slit-like beam which becomes a longitudinal direction from parallel light mostly. It has a predetermined 
inclination from [ of this substrate ] a normal to said substrate for inspected. The illumination-light study 
system illuminated so that it may have a flat-surface top predetermined inclination to the main straight- 
line groups of said circuit pattern and a longitudinal direction may become a right angle mostly to the 
transit direction of said stage, The detection optical system which receives the reflective scattered light 
obtained from the defect of the foreign matter which exists on the substrate for inspected with which the 
slit- like beam was illuminated with image sensors, changes into a signal, and is detected by this 
illumination-light study system, Defective test equipment characterized by having the image-processing 
section which extracts the signal which shows the defect of a foreign matter etc. based on the signal 
detected from the image sensors of this detection optical system. 
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[Claim 7] Dispersion is computed by making it at a radical the signal acquired from the image sensors of 
said detection optical system by detection in said image-processing section from the part in which the 
same circuit pattern was originally formed, or its near. It is based on computed this dispersion. A 
criterion Defective test equipment according to claim 6 characterized by having an extract means to 
extract the signal which shows the defect of a foreign matter etc. from the signal detected from the 
image sensors of said detection optical system based on the criterion set up with the criterion setting 
means and this criterion setting means of setting up. 

[Claim 8] Defective test equipment according to claim 6 characterized by having a means to extract the 
signal which shows the defect of a foreign matter etc. based on the criterion set up in said image- 
processing section for every various fields which constitute said circuit pattern to said detected signal. 
[Claim 9] Defective test equipment according to claim 6 with which an optical axis is characterized by 
the almost perpendicular thing to the substrate for inspected in said detection optical system. 
[Claim 10] Defective test equipment according to claim 6, 7, 8, or 9 characterized by the light source 
being a laser light source in said illumination-light study system. 

[Claim 11] Claims 6 or 7 characterized by having the optical element which the configuration 
approximated to a conical surface extracts in said illumination-light study system, 8 or 9, or defective 
test equipment given in ten. 

[Claim 12] Claim 6 characterized by having the optical system further illuminated in said illumination- 
light study system from the direction to which the white light was leaned to the normal, 7 or 8, 9 or 10, 
or defective test equipment given in 1 1 . 

[Claim 13] Claims 6 or 7 characterized by having a spatial filter in said detection optical system, 8 or 9, 
10 or 1 1, or defective test equipment given in 12. 

[Claim 14] Claim 6 characterized by constituting the image sensors in said detection optical system from 
a TDI sensor, 7 or 8, 9 or 10, 1 1 or 12, or defective test equipment given in 13. 

[Claim 15] Claim 6 characterized by leaning an optical axis to the normal of the substrate for inspected 
in said detection optical system, 7 or 8, 9 or 10, 1 1 or 13, or defective test equipment given in 14. 
[Claim 16] The illumination-light study system which illuminates light from a normal with a certain 
inclination to the front face of an inspected object, and has at least the optical element of the 
configuration approximated at the conical surface for [ in the front face of an inspected object ] 
extracting an illumination- light bundle to an one direction, Defective test equipment characterized by 
having received the light reflected from said inspected object with image sensors, and having the 
detection optical system which changes into a signal and is detected, and the image-processing section 
which processes the signal detected by this detection optical system. 

[Claim 17] The illumination-light study system which illuminates light to the front face of an inspected 
object, It has the image sensors which consist of a current path which begins to pour the charge which 
exceeded this constant rate when a constant rate with a means to accumulate the produced charge, and 
the accumulated charge was exceeded, and a means which reads the charge with which the range to this 
constant rate was accumulated. Defective test equipment characterized by having the detection optical 
system which receives light with said image sensors, changes into a signal the light reflected from said 
inspected object, and detects it, and the image-processing section which processes the signal detected by 
this detection optical system. 

[Claim 18] Defective test equipment according to claim 16 or 17 characterized by having two or more 
image sensors with which each reflected light bundle which branched by other strong branching optical 
system made in general into 1/100 and these branching optical system of one reflected light bundle 
receives the reinforcement of one reflected light bundle which branches and this branches the reflected 
light bundle from an inspected object in said detection optical system. 

[Claim 19] It has two or more linear protection-from-light means installed almost in parallel so that the 
scattered light from the pattern formed in the illumination-light study system which illuminates light to 
the front face of an inspected object, and the front face of said inspected object might be shaded. The 
detection optical system which an optical axis has [ of the front face of said inspected object ] the 
inclination of a certain fixed include angle from a normal, receives the light reflected from said 
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inspected object with a photo-electric-conversion means, changes into a signal, and is detected, 
Defective test equipment characterized by having the image-processing section which processes the 
signal detected by this detection optical system. 

[Claim 20] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, Dispersion in a picture signal is computed about a correspondence 
pixel [ based on the picture signal detected from this detection optical system / structure / of the same 
configuration ], or the pixel of the near. It has a judgment means to judge existence of a defect to the 
picture signal detected from said detection optical system based on the criterion set up with the criterion 
setting means and this criterion setting means of setting up the criterion of the signal level of the pixel 
which judges existence of the defect of a foreign matter etc. according to computed this dispersion. 
Defective test equipment characterized by having the image-processing section which processes said 
picture signal 

[Claim 21] Defective test equipment according to claim 20 characterized by having a setting means to 
set the scale factor of said criterion over dispersion in said picture signal to said image-processing 
section. 

[Claim 22] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, Dispersion in a value is computed, the difference of the picture 
signal about a pixel [ based on the picture signal detected from this detection optical system / structure / 
of the same configuration ] - the difference which computes a value - said difference in two or more 
pixels which carry out the neighborhood to the pixel which judges existence of the defect of a value 
calculation means, a foreign matter, etc. — the difference computed with the value calculation means — 
It has a judgment means to judge existence of a defect to the picture signal detected from said detection 
optical system based on the criterion set up with the criterion setting means and this criterion setting 
means of setting up the criterion of the signal level of the pixel which judges existence of the defect of a 
foreign matter etc. according to computed this dispersion. Defective test equipment characterized by 
having the image-processing section which processes said picture signal. 

[Claim 23] Claims 20 or 21 characterized by having an output means to output the inspection result of 
the defect judged with said judgment means, and the data corresponding to the criterion set up with said 
criterion setting means to said image-processing section, or defective test equipment given in 22. 
[Claim 24] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, In the judgment means and this judgment means of judging 
existence of a defect based on a criterion to the picture signal detected from this detection optical system 
Defective test equipment characterized by having the image-processing section which has a display 
means to display the map information or the image to the structure of the same configuration about the 
criterion judged. 

[Claim 25] Defective test equipment according to claim 24 characterized by having a means by which 
said criterion can be set up, according to an area priority mode, a canonical mode, and a sensibility 
priority mode at said image-processing section. 

[Claim 26] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, In the judgment means and this judgment means of judging 
existence of a defect based on a criterion to the picture signal detected from this detection optical system 
Defective test equipment characterized by having the image-processing section which has a display 
means to display relation with the index about the inspection area corresponding to the criterion and it 
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which are judged. 

[Claim 27] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, In the judgment means and this judgment means of judging 
existence of a defect based on a criterion to the picture signal detected from this detection optical system 
Defective test equipment characterized by having the image-processing section which has a display 
means to display the sensitivity information over the structure of the same configuration corresponding 
to the criterion judged. 

[Claim 28] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, Based on the criterion set up by the criterion setting means and this 
criterion setting means of making a criterion corresponding to the condition of the substrate in the 
structure of said same configuration, changing it, and setting it up Defective test equipment 
characterized by having the image-processing section which has a judgment means to judge existence of 
a defect to the picture signal detected from said detection optical system, and is processed to said picture 
signal. 

[Claim 29] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, Based on the criterion set up by the criterion setting means and this 
criterion setting means of setting up a criterion according to the size of the defect specified by 
assignment means to specify the size of a defect, and this assignment means Defective test equipment 
characterized by having the image-processing section which has a judgment means to judge existence of 
a defect to the picture signal detected from said detection optical system, and is processed to said picture 
signal. 

[Claim 30] The illumination-light study system which illuminates light to two or more front faces of the 
inspected object with which the structure of the same configuration was arranged mostly, The detection 
optical system which receives the reflected light from an inspected object with image sensors, changes 
into a picture signal, and is detected, Defective test equipment characterized by having the image- 
processing section processed to the picture signal which has the control system which controls the power 
of the illumination light illuminated by said illumination-light study system according to the size of the 
defect by which this assignment means was carried out to an assignment means to specify the size of a 
defect, and is detected from said detection optical system. 

[Claim 31] The image pick-up optical system which has the detection optical system which is laid on a 
stage, receives the reflected light from the illumination-light study system which illuminates light to two 
or more front faces of the inspected object with which the structure of the same configuration was 
arranged mostly, and said inspected object with image sensors, changes into a picture signal, and is 
detected, The image-processing section which has a judgment means to judge existence of a defect 
based on a criterion to the picture signal detected from the detection optical system of this image pick-up 
optical system, Furthermore, defective test equipment characterized by having said image pick-up 
optical system and the installed optical observation microscope in order to observe the optical image on 
said inspected object. 

[Claim 32] Defective test equipment according to claim 31 characterized by constituting said optical 
observation microscope from an ultraviolet optics observation microscope. 

[Claim 33] The defective test equipment characterized by to have the image-processing section which 
has a means processes the signal which detected by the illumination-light study system which 
illuminates light to the front face of an inspected object , the detection optical system which receive the 
light which reflects from an inspected object with a photo-electric-conversion means , change into a 
signal , and detect , and this detection optical system , conducts defective inspection , and output this 
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defective inspection result including the pattern information in which a defect exists . 
[Claim 34] Defective test equipment according to claim 33 with which pattern information outputted is 
characterized by being the information acquired from the design data of the structure in the means of 
said image-processing section. 

[Claim 35] The illumination-light study system which illuminates light to the front face of an inspected 
object, and the detection optical system which receives the light reflected from an inspected object with 
a photo-electric-conversion means, changes into a signal, and is detected, Defective test equipment 
equipped with the image-processing section which has a means to process the signal detected by this 
detection optical system, to extract the signal level of a defect, to amend the signal level of this extracted 
defect so that the magnitude of a defect may be shown, and to output the signal level of this amended 
defect. 

[Claim 36] Defective test equipment according to claim 35 characterized by performing amendment of 
the signal level of a defect based on the data of the reflection factor on lighting reinforcement or the 
front face of the structure in said means. 

[Claim 37] As opposed to the detection-beam by which outgoing radiation is carried out from said light 
source as said slit-like beam flux of light in said illumination-light study system field on said substrate 
for inspected So that it may have the illumination distribution used as the Gaussian distribution which 
makes standard deviation mostly die length from the optical axis of this detection field to a periphery 
Claim 6 characterized by having the optical system which operates orthopedically and acquires the slit- 
like Gaussian beam flux of light, 7 or 8, 9 or 10, 1 1 or 12, 13 or 14, or defective test equipment given in 
15. 

[Claim 38] As opposed to the detection-beam by which outgoing radiation is carried out from said light 
source as said slit-like beam flux of light in said illumination-light study system field on said substrate 
for inspected So that the ratio of the illuminance of the periphery of a detection field to the illuminance 
of the core of this detection field may become 0.46 to about 0.73 Fit a path or major-axis die length to 
the die length between the peripheries centering on the optical axis of said detection field, and it operates 
orthopedically. Claim 6 characterized by having the optical system which acquires the slit-like Gaussian 
beam flux of light, 7 or 8, 9 or 10, 11 or 12, 13 or 14, or defective test equipment given in 15. 
[Claim 39] Defective test equipment according to claim 37 or 38 with which the slit-like Gaussian beam 
flux of light illuminated by said illumination-light study system is characterized by being the DUV beam 
flux of light. 

[Claim 40] Claims 37 or 38 characterized by constituting the image sensors in said detection optical 
system from TDI image sensors, or defective test equipment given in 39. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the semi-conductor wafer with which the memory LSI which is one 
example of the substrate for inspected concerning this invention is arranged. 

[Drawing 2] It is drawing showing the semi-conductor wafer with which LSI, such as a microcomputer 
which are other examples of the substrate for inspected concerning this invention, is arranged. 
[Drawing 3] It is the outline block diagram showing the gestalt of operation of the 1st of the defective 
test equipment concerning this invention. 

[Drawing 4] It is the block block diagram showing the 2nd example of the image-processing section 
shown in drawing 3 . 

[Drawing 5] It is drawing for explaining the approach and the detection approach of illuminating a slit- 
like beam on substrates for inspected, such as a semi-conductor wafer concerning this invention. 
[Drawing 6] It is the perspective view showing an illumination-light bundle with a lighting lens with the 
cone curved surface concerning this invention. 

[Drawing 7] It is drawing for explaining the 1st example of the manufacture approach of a lighting lens 
with the cone curved surface concerning this invention. 

[Drawing 8] It is drawing for explaining the 2nd example of the manufacture approach of a lighting lens 
with the cone curved surface concerning this invention. 

[Drawing 9] It is the side elevation seen from the direction of y which shows the illumination-light study 
system concerning this invention, and x directions. 

[Drawing 10] It is the top view showing the optical system for illuminating a slit-like beam on substrates 
for inspected, such as a semi-conductor wafer, from three directions using one laser light source in the 
illumination-light study system concerning this invention. 

[Drawing 11] It is the perspective view showing the lighting direction and the detection direction 
concerning this invention, and the diffracted light from the pattern by the lighting direction. 
[Drawing 12] It is drawing showing relation with opening of the objective lens of the detection optical 
system when making perpendicular the generating situation and optical axis of a zero-order diffracted- 
light pattern when illuminating a slit-like beam from a direction 45 degrees to the main straight- line 
groups of the circuit pattern concerning this invention. 

[Drawing 13] It is drawing showing relation with opening of the objective lens of the detection optical 
system when making perpendicular the generating situation and optical axis of a zero-order diffracted- 
light pattern when illuminating a slit-like beam from an parallel direction to the main straight-line 
groups of the circuit pattern concerning this invention. 

[Drawing 14] It is drawing showing relation with the detection field which illuminates so that it may not 
cross, in case a slit-like beam is illuminated from a direction 45 different degrees to the main straight- 
line groups of the circuit pattern concerning this invention, and is detected by the TDI sensor. 
[Drawing 15] It is the outline block diagram showing the gestalt of operation of the 2nd of the defective 
test equipment concerning this invention. 

[Drawing 16] It is the graphical representation showing the relation between whenever [ from a foreign 
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matter / angle-of-emergence ], and detection signal strength. 

[Drawing 17] When the optical axis of detection optical system is leaned, it is drawing showing the 
example at the time of leaning the light-receiving side of a TDI sensor according to this inclination. 
[Drawin g 18] When a different beam of the shape of 45 degrees to a slit to the main straight-line groups 
of the circuit pattern concerning this invention is illuminated, it is the projection drawing to the flat 
surface which shows the diffracted-light stripes produced from a repeat pattern. 

[Drawing 19] It is the top view showing the physical relationship of the diffracted-light stripes from the 
repeat pattern in the Fourier transform side of detection optical system, these diffracted-light stripes, and 
spatial filter concerning this invention. 

[Drawin g 20] When the generating situation and optical axis of a zero-order diffracted-light pattern 
when illuminating a slit-like beam from a direction 45 degrees to the main straight-line groups of the 
circuit pattern concerning this invention are made perpendicular, it is drawing showing relation with 
opening of the objective lens of the detection optical system when leaning in the direction of y. 
[Drawing 21] It is drawing showing the location of the generating situation of the zero-order diffracted- 
light pattern when illuminating a slit-like beam from an parallel direction to the main straight-line 
groups of the circuit pattern concerning this invention, and opening of the objective lens of the detection 
optical system into which this zero diffracted-light pattern does not enter. 
[Drawing 22] It is drawing showing the example which a longitudinal direction turns the lighting 
direction from a direction 45 degrees to the main straight-line groups of the circuit pattern concerning 
this invention, and illuminates a slit-like beam. 

[Drawing 23] When the beam of the shape of a slit shown in drawing 22 is illuminated, it is drawing 
showing the special TDI sensor to need. 

[ Drawing 24] It is the side elevation showing the interference model of the scattered light from the 
foreign matter which exists on insulator layers, such as an oxide film concerning this invention. 
[Drawing 25 ] In order to detect the foreign matter which exists on insulator layers, such as an oxide 
film, it is drawing for explaining the example which detects the scattered light from [ from / two or 
more / detection ] a foreign matter. 

[Drawin g 26] It is drawing showing the relation of the thickness change and the detecting signal of 
insulator layers, such as an oxide film at the time of irradiating the relation of the thickness change and 
the detecting signal of insulator layers, such as an oxide film at the time of irradiating the illumination 
light of a certain wavelength, and the illumination light of three different wavelength. 
[Drawing 27] They are drawing showing the relation of the wafer and pixel explaining computing and 
setting up the criterion (threshold) for extracting the defect of a foreign matter etc. in the image- 
processing section concerning this invention, and drawing showing the relation between a chip (it has 
various pattern spaces.) and a pixel. 

[Drawing 28] It is the block diagram showing the 1st example of the image-processing section 
concerning this invention. 

[Drawing 29] It is the block diagram showing the 3rd example of the image-processing section 
concerning this invention. 

[Drawing 30] It is the block diagram showing the 4th example of the image-processing section 
concerning this invention. 

[Drawing 31] It is the block diagram showing the 5th example of the image-processing section 
concerning this invention. 

[Drawing 32] It is drawing showing the outline configuration of the production line of the semi- 
conductor with which defective test equipment, such as a foreign matter concerning this invention, was 
installed. 

[Drawing 33] By increasing the foreign matter which can detect each defective test equipment in the 
production line of a semi-conductor, it is drawing for explaining that the system which has the engine 
performance high as total can be built. 

[Drawing 34] It is drawing showing the yield at the time of mass-production starting, and transition of 
the number of defects. 
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[Drawing 35] It is drawing showing the outline configuration of the 4th of the gestalt of operation of the 
defective test equipment concerning this invention. 

[Drawing 36] It is drawing showing concretely the configuration of one example of the illumination- 
light study system used for the gestalt of operation of the 4th of the defective test equipment shown in 
drawin g 35 from the direction of y, and x directions. 

[Drawin g 37] It is drawing for explaining the basic thought which operates the slit-like Gaussian beam 
flux of light orthopedically, and aims at improvement in lighting effectiveness by the illumination-light 
study system. 

[Drawing 38] It is drawing for explaining how receiving and picturizing the light figure of the detection 
field on the substrate for inspected at the time of using TDI image sensors as a detector. 
[Drawing 39] When standard deviation sigma (it corresponds to the width of face of lighting) is changed 
in the Gaussian beam flux of light, it is drawing showing change of the illuminance f (xO) in the 
periphery (xO=l) of a detection field. 

[Drawin g 40] When the Gaussian beam flux of light when making a standard deviation sigma 0.5, and 1 
and 2 is irradiated, it is drawing showing change of the illuminance f (xO) to the die length (xO) from the 
optical axis of a detection field. 

[Drawing 41] It is drawing for explaining the example of the TDI image sensors which enabled it to 
receive DUV light. 

[Drawin g 42] It is drawing showing the example of the sequence of condition **** in the defective test 
equipment concerning this invention. 

[Drawin g 43] It is drawing showing the screen which performs condition broth mode selection displayed 
on the display means, and threshold prior selection. 

[Drawin g 44] It is drawing showing the screen which displayed detection sensitivity and detection area 
on the display means. 

[Drawing 45] It is drawing showing the screen which displayed area priority, a criterion, the threshold 
map in sensibility priority, and the relation of the inspection area to sensibility on the display means. 
[Drawing 46] In the defective test equipment concerning this invention, it is drawing showing the gestalt 
of the operation which equipped detection optical system with the optical system which observes the 
protection-from-light pattern of a spatial filter, and made the optical observation microscope it. 
[Drawin g 47] It is drawing showing the relation based on the experimental data of the standard particle 
diameter and evaluation value (detection signal level of the scattered light) on the mirror plane wafer 
concerning this invention. 

[Drawing 48] It is drawing for explaining the example which presumes the size of a foreign matter from 
the detected picture signal. 

[Drawing 49] It is drawing for explaining the example which can classify the class of defect from the 
detection signal level by the laser illumination system, and the detection signal level by another 
illumination system. 

[Drawing 50] In the defective test equipment concerning this invention, it is the outline block diagram 

showing the illumination-light study system and detection optical system in the case of carrying out light 

field lighting of the beam flux of light using a detailed straight- line-like mirror. 

[Drawing 51] It is drawing in which carrying out defective inspection by high sensitivity before 

processing with a certain process processor P, carrying out defective inspection with optimum 

sensitivity after this processing, and showing the logical difference (B-A). 

[Drawing 52] In the defective test equipment concerning this invention, it is drawing showing the 

configuration which can carry out the defective judging even of the big foreign matter which had 

breadth from the minute foreign matter as a high S/N ratio is also. 

[Description of Notations] 

1 - The substrate for inspected (wafer), la, lb - A semi-conductor wafer, laa — Memory LSI lab ~ A 
memory cell field, lac — A circumference circuit field, lad — Other fields, lba — LSI, such as a 
microcomputer, lbb - A register group field, lbc - Memory section field, Ibd [ - Slit-like beam 
(lighting field), ] » A core-based-CPU section field, lbe - An ON **** field, 2 - A chip, 3 4 - The 
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detection field of image sensors, such as a TDI sensor, 100 — Illumination-light study system, 101 [ — A 
lighting lens with a cone curved surface, ] — A laser light source, 102 — A concave lens, 103 - A 
convex lens, 104 200 — Detection optical system, 201 — An objective lens (detection lens), 202 — 
Spatial filter, 203 - An image formation lens, 204 « 205 A beam splitter, 206 - 1 -dimensional 
detectors, such as a TDI sensor, 207 [ — Image formation optical system, ] — An ND filter, 208 — A 
polarizing element, 226 — A mirror, 227 228 — A TV camera, 240 - A detailed straight-line- like mirror, 
300 ~ White illumination system, 400 — A data-processing circuit (signal-processing system), 401 
The A/D-conversion section, 402 - Data memory, 403 - difference - a processing means (difference 
processing circuit) and a 403'- absolute value - difference - a processing circuit - 404 - Data 
memory, 405 — The maximum minimum removal circuit, 406 — Square calculation circuit, 407 — A 
calculation circuit, 408 ~ A number count circuit, 409 — Square sum calculation circuit, 410 — A sum 
calculation circuit, 411 — A counting circuit, 412 - Upper limit criterion (forward side threshold) 
calculation circuit, 413 — A minimum criterion (negative side threshold) calculation circuit, 414 and 
415, 414' - Comparator circuit, 417 — CPU (output means), 419 — A threshold map storing means, 421 
— Output means (display means), 422 ~ A memory location controller, 423 — A threshold calculation 
circuit, 424 — Threshold setting circuit, 425 [ — Network, ] — An averaging circuit, 426 — An input 
means, 427 - Storage, 428 520, 521-525 - An operator, 531-535 Comparator circuit, 541-544 [ - 
Detection optical system, 602 / — An image-processing system, 603 / — A display means, 604 / - An 
image memory, 610-612 / - Test equipment, 613 / - A data-analytic system, 1007 / — Beam flux of 
light. ] — A multiplication circuit, 550 — An OR circuit, 600 — An optical observation microscope, 601 
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